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Abstract
This thesis presents the results of an investigation Into the geology, hydrology
and hydrogeology of the wider area of the Megalopolis basin and also, in particular,
into the hydrogeology of the Kyparissia field in the northern part of the basin.
The structure and stratigraphy of the environs of the basin have been
established by mapping on a scale of 1:25,000.
The Megalopolis basin is filled with unconsolidated lacustrine and fluvial
sediments containing important lignite deposits. Rocks belonging to the Phyllitic-
Quartzitic series and the Tripolis and Pindos geotectonic zones are present· in
complex thrust and fold relationships. Bedrock below and around the basin consists
of low-grade metamorphic rocks, thick carbonate formations of the Tripolis zone
(Upper Triassic to Upper Eocene) and of the Pindos zone (Upper Cretaceous) with
associated flysch sediments. A 'tectonic block' formation of varied thickness
occurs at the base of the Pindic nappe.
The structure of the Pindic nappe varies from a series of thrust-slices of
Upper Cretaceous limestones· and first flysch in the west to an overturned but
simpler style of thrusting and folding, made up exclusively from Upper Cretaceous
limestones, in the east.
The hydrological regime of the area (precipitation, evapotranspiration,
temperature, relative humidity and winds) has been determined, and shows a mean
annual rainfall of approximately 1,200mm and evapotranspiration of about 600mm.
The karstified carbonate rocks of the Tripolis zone and the Upper Cretaceous
limestones are the main infiltration formations with a coefficient' of 55%
calculated for the latter. The Altios river receives about 27% of the total
precipitation of 967.8 x 106 m' /year. It is not possible to establish a hydrological
balance for the Alfias catchment since much of the groundwater discharges outside
the catchment area.
The hydrological conditions around the basin were investigated. A deeper
karstic aquifer is developed in the carbonate rocks of the Tripolis zone and an
upper aquifer in the Upper Cretaceous limestones. The possibility of groundwater
contribution laterally to the Kyparissia field was examined and excluded.
In the Kyparissia area, where the lignite is being quarried, three types of
aquifer exist - in the highly permeable terrace gravels associated with the Al fios,
in the mostly impermeable unconsolidated basin sediments and in the highly
permeable karstified limestones. The hydraulic head of the karstic aquifer is 60 to
70m above the working quarry floor.
The existence of six separate karstic aquifers has been established from the
geology, the form of the piezometric surfaces/water table, the fluctuations of the
groundwater levels and the hydrochemistry.
Aquifer 1, the main aquifer, is mostly confined in the Kyparissia area by the
basin sediments. Its eastern extent cannot be well determined. It is recharged by
the Alfios and by the Kyparissia stream. It discharges through karstic springs,
shows long term seasonal and annual fluctuations, and is in hydraulic continuity
with the Alfios near the Kyparissia bridge. Transmissivity ranges from 30 m 2 /day
to 170 m2 /day while the storage coefficient lies between 0.0001 and 0.002.
Aquifer 2, with which aquifer 3 is in hydraulic continuity, shows no fluctuations but
is also recharged from the Alfios. Aquifers 4, 5 and 6 are only minor.
Water from the karstic springs is of Ca:HC03 type, that from aquifer 1 and
its springs of Ca/Mg:HC03 type and from aquifer 2 and the Alfios of
Ca/Mg:504/HC03 type. This confirms that aquifers 1 and 2 are recharged from
the Alfios and the terrace gravel bodies.
A recent increase in 5°4-- levels in all water bodies may be due to the
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VOLUME I: GEOLOGY
View of the steam-electric power station located NW of MegRlo[lolis.
The Karytena Gorge
carved by the Alfios
ri ver on the north-
western side of the
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1PART I: INTRODUCTION, GEOLOGY AND STRUCTURE
CHAPTER 1: INTRODUCTION
1.1 Introduction and Geography
The area studied is situated in the central part of the Peloponnese, which
makes up the southern part of the Greek mainland (Fig. 1.1).
The Peloponnese is relatively mountainous. The highest mountains are
Lyckaeon, Kyllini, Panachaickon, Erymanthos, Maenalon, Trapezion and Taygetos,
the latter reaching a height of 2400m. The major rivers flow in a westerly or
southerly direction, due to the relief of the land and due to the fact that the level
of precipitation is higher in the western Peloponnese. The major rivers are the
Alfios, Pinios, Glafkos, Nedas and the Eurotas. Plains, such'as the plains of
Messini, Patras and Pyrgos, have been formed, mainly along the western and south-
western sea-shores. In the central part are found the closed basins of Tripolis and
Megalopolis.
The basin of Megalopolis lies encircled by mountains. It is bordered by the
mountain Maenalon on its north-eastern side and the mountains of Lyckaeon and
Trapezion to the west and south. The margins of the basin are quite steep,
especially in. the east, where they form steep escarpments. The Xerilas river
valley, which is the site of a graben, prolongs the basin to the south. Towards the
north and west, the contrast between the heights and the plains is generally smaller
and the margins embayed.
The basin is roughly oblong in shape. Its larger, longitudinal axis is about
20km long and lies in a NNW-SSE direction. Its minor axis is about lOkm long and
lies in a NE-SW direction. The basin, as a whole, occupies an area of
approximately 240km 2 •
The average altitude of the basin is about 400m above sea~level, the lowest
part being at 330m and the highest at 450m. The surface of the basin is relatively
flat. Deep valleys, cut by torrents in the basin sediments, occur at the margins.










Fig. 1.1 Topographical map of the Peloponnese.
The basin is filled with unconsolidated sediments, such as gravels, sands,
clays and silts of Upper Pliocene to Holocene age, while its margins are built up of
metamorphic rocks, of which there are fewer to the north-eastern side, and of
limestones and flysch sediments of the Tripolis (Gabrobos) and Pindos (Dlonos)
geotectonic zones. The bedrock limestones emerge and protrude through the basin
-
3sediments in a few places in the northern part of the basin as, for example, at the
villages of Kyparissia, Katsimbali and Mavria. Several terrace gravel bodies at
different altitudes occur in the basin.
The entire basin is drained by the Alfios river and its tributaries, of which the
main ones are the Elisson, which carries the greatest amount of water, the Xerilas
,
and the Goudanis. They join it mainly from the east, flowing obliquely across the
basin, roughly in an E-W direction. The Alfios' river enters the basin at the south-
eastern side and, after flowing over the basin sediments and, in a few cases,
between limestone ridges, it flows, at the north-western margin of the basin,
through a long, narrow gorge located to the west of Karytena. The Alfios lies
asymmetrically in the basin, being closer to the western side.. (about 2km) than to
the eastern side (about 9km).
The Alfios flows throughout the year, at least downstream from the
Kyparissia bridge. Most of the water which it carries during winter comes directly
from the surface run-off while, during the summer, it is mainly fed by water
retained in the terraces. During all seasons, springs make a major contribution to
the stretch of river north of Kyparissia.
The town of Megalopolis has grown up in the central-eastern part of the basin
to which it gives its name. It stands at an altitude of 427m and lies on the main
road linking the southern Peloponnese with Athens via Corinth. A severe
earthquake in 1965 almost completely destroyed .. the town, which has since been
rebuilt.
The population of Megalopolis was 2893 in 1951. This had increased to 5485
by 1981 and the population continues to rise. Most of the employed inhabitants of
the town work in the steam-electric power station, which is made up of three units
with a total joint capacity of 700 megawatts and is located at the edge of the open
lignite mines. The economy of the surrounding area is now largely dependent on
the power industry and less on agriculture.
A great number of villages are spread throughout the basin, situated
Fig. 1.2: Topographical map of the Megalopolis basin
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5predominantly towards its margins. The climate is semi-arid with dry summers and
cold winters. Except for the area along the Alfios valley, the basin is not generally
very fertile and is mostly covered by wild deciduous vegetation.
The ruins of ancient Megalopolis, boasting the largest amphitheatre of
ancient Greece, are situated 1.5km to the north-west of the modern town.
6CHAPTER 2: INTROOUCTION TO THE GEOLOGY
2.1 Introduction
In this chapter, a brief review is given of the geology of Greece and of the
Peloponnese, in which the Megalopolis area is situated.
Greece is built up of rocks ranging in age from Palaeozoic to Holocene, which
are divided into pre-Alpine, Alpine and post-Alpine, dating from the Palaeozoic,
Triassic to Lower Miocene and post-Lower Miocene, respectively. Greece was an
active area geologically, as it formed part of the Tethyan geosyncline. There were
two main phases of orogenic movements, within which the following tectonic
periods can be identified.
a) Old Tectonic period, ranging from the Upper Jurassic to the Lower
Cretaceous (Palaeohellenic or Eohellenic orogenesis).
b) Tectonic period, during which the most intensive developments took place.
This occurred during the Tertiary (Alpine orogenesis).
c) Neotectonic period, continuing up to the present day.
The greater part of the Greek mountain ranges, known as the Hellenides
mountain ranges, were formed during the Alpine orogenesis.
Work garried out after the second world war both by Greek and foreign
geologists has greatly contributed to a better knowledge of the geology of Greece.
Previously-existing studies on various aspects of Greek geology were reviewed and
a more accurate division of Greece into tectonic zones was established. Recently,
the emphasis of investigators has been on trying to integrate the geological and
tectonic evolution of Greece into the plate tectonics theory.
2.2 Geotectonic zones of Greece
A geotectonic zone is defined as a sequence of beds deposited under the same
palaeogeographical conditions and characterised by the same tectonic evolution.
Brunn (1956) the first to separate the rocks of Greece into two groups on the basis
of the stages of orogenesis which had affected them. He defined them as falling
7into the following categories:
a) The internal zones, characterised by interrupted sequences and magmatism.
These were affected by the first and second orogenic phases and occur in the
eastern and northern parts of Greece.
b) The external zones, in which continuous sedimentation took place. They were
affected by the second orogenic phase and occupy the western and southern
parts of Greece.
A recent synthesis by Jacobshagen et ale (1978) which is now generally
accepted, divides Greece into two major categories of zone, the external and
internal, as follows: (Fig. 2.1)
a) External zones
i) The Paxos zone
This zone occurs at the eastern margin of the Apulian zone which consists of
a series of neritic limestones several kilometres thick and which outcrops in Italy.
The Paxos zone lies along the, west coast of Greece and most· of the Ionian islands,
such as Paxos, Kefallonia, Ithaca and Zante, form part of it. It consists of neritic
sediments, such as evaporites, dolomites, dolomitised limestones, limestones and
clastic sediments and is characterised by an absence of flysch deposition.
Sediments older than Cretaceous are very deep-seated and have only been found
when drilling for oil. Tectonically, the zone is considered to be autochthonous.
ii) The Ionian zone
This zone, which occupies a large area on the western side of continental
Greece, consists of sediments deposited in the Ionian deep sea which occasionally
become shallow. The basement rock of this zone is unknown. The oldest known
sediments are thick beds of evaporites of Upper Triassic age, followed by neritic
limestones, dolomites and, later, shales with chert and radiolarites up to the Upper
Jurassic. From the Upper Jurassic to the Upper Eocene, pelagic, thinly-bedded
8FIG. 2.1 MAP OF GEOTECTONIC ZONES OF GREECE
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9limestones with intercalations of chert in the lower parts or clastic sediments in
the upper parts were deposited and were followed by the sandstone and marls of
the flysch formation. This zone is overthrust westwards onto the Paxos zone.
A sequence of metamorphic rocks known as the 'Plattenkalk series' occurs in
the Peloponnese and in Crete. This series has a similar stratigraphy to that of the
Ionian zone and is, therefore, considered by most investigators to be equivalent to
it (see section 2.3). The 'Plattenkalk series' is also considered to be autochthonous.
iii) The Tripolis zone
The sediments of this zone occupy a large area of the Peloponnese. They also
occur in west-central continental Greece and in Crete. The basement of this zone
consists of low-grade metamorphic rocks, such as phyllites, schists,"
metasandstones, volcanic rocks with tuffs and crystalline limestones of
sedimentary-volcanic origin. These are known as the' 'Tyros beds' and are of
Palaeozoic age. Deposition of carbonate rocks was continuous from the Upper
Triassic up to the Middle Eocene and took place in shallow water on a submarine
ridge. During the Middle Eocene there were short-lived, local emergent phases
during which formation of bauxite sometimes occurred. The flysch of this zone is
of Upper Eocene to Oligocene age and its contact with the underlying limestone is
mostly unconformable. This zone was formerly considered to be autochthonous but
it has now been shown that the whole zone, together with its basement, has been
overthrust onto the 'Plattenkalk series'.
iv) The Pindos zone
The Pindos zone formations have been entirely removed from their original
position and now form an enormous tectonic nappe, overthrust westwards onto the
Tripolis zone. In spite of its great extent, the basement rock' is not seen and the
conclusion can, therefore, be drawn that it stayed at its original position during the
overthrust process. During the Mesozoic era, the Pindos zone constituted a deep
10
trough in which pelagic sedimentation took place from the Triassic up to the
Eocene. Six different stratigraphic units can be distinguished:
1. Clastic sediments of Triassic age: alternating beds of sandstones and shales
with intercalations of pelagic limestones.
2. Pelagic limestones of Upper Triassic to Upper Liassic age: limestones with
chert or pelite intercalations and lenses.
3. Radiolarites of Lower Dogger to Cenomanian age. The lower part consists
mainly of pelitic beds with limestone intercalations and the upper part is of
red or green radiolarites or alternations of radiolarites, pelites, sandstones
and red limestones.
4. 'First flysch' sediments, of Lower Cretaceous to Cenomanian age:
alternating beds of sandstones and shales with include bodies of igneous rocks
(spili tes, diabases).
5. Platey limestone: micritic pelagic limestone of Upper Cretaceous age.
6. Flysch: alternating beds of marls and sandstones of Palaeocene to Upper
Eocene age.
v) The Parnassos zone
This occurs in the southern part of continental Greece and is made up of a
carbonate series more than 2000m thick,consisting mainly of limestone with some
dolomites deposited, on a submarine ridge, from the Upper Triassic to the
Palaeocene. The sedimentation of the carbonate rocks can be seen not to have
been continuous, as there are three bauxite horizones which were formed during
three periods when the zone emerged for short intervals. The deposition of the
flysch of this zone started in the Eocene. The zone ,is overthrust onto the Pindos
zone.
The 'Beotian flysch', a series consisting of flysch sediments overlying
limestone, has been overthrust onto the eastern side of the Parnassos Zone.
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b) Internal zones
vi) The Pelagonian Zone
This Is bordered by the Pindos and Parnassos zones to the west and the Axios
zone to the east. The basement on which the rocks of this zone were
unconformably deposited dates from the Permo-Carbonife'rousage. During the
Mesozoic, the zone took the form of a submarine ridge on which, during the
Triassic-Jurassic, predominantly limestone and dolomite were deposited and on
which large masses of ophiolites were tectonically emplaced. The sediments have
been locally metamorphosed to a high degree.
During the Lower Cretaceous, this zone emerged and erosion of it supplied
the western zones, mainly the Pindos zone, with Clastic sediments, resulting in the
formation of the 'first flysch'. After its submergence, limestone of Upper
Cretaceous age and, subsequently, flysch 'were deposited. The Pelagonian zone is
overthrust westwards onto the Parnassos and Pindos zones.
vii) The Axios Zone
The Axios zone is situated between the Pelagonian zone and the Circum
Rhodope Zone. The Upper Palaeozoic is represented by clastic sediments, while
the Triassic and Jurassic consist of metamorphic rocks, such as marbles, mica-
schists, gneisses, amphibolites and also of ophiolites. It emerged during the Lower
Cretaceous and, after the Cenomanian transgression, limestone arid flysch
sediments were deposited. Palaeogeographically, this zone is divided into three
subzones which, from east to west, are as follows:
1. The Almopia subzone, consisting of sediments deposited in a deep trough.
2. The Paikon subzone',' occupying aln-lOst a'll the axial area of the Axios zone
and consisting of sediments deposited on a submarine ridge.
3. The Paeonian subzone, also' consisting of sediments deposited in a deep
trough.
12
viii) The Circum-Rhodope belt
I
This is situated east of the Paeonian subzone and borders the Servo-
Macedonian massif to the west and the Rhodope massif to the east. It consists 'of
low-grade metamorphic rocks of clastic sequences and marbles and dolomites of
Permian and Mesozoic age and includes typic;31 ophiolites of unknown origin. This
is not a simple· stratigraphic sequence, but rather consists of H stack of nappe
sequences.
ix) The Servo-Macedonian Massif
This zone is situated in central Macedonia. It is more than 12km thick and its
precise stratigrapy is not, as yet, well known. It consists of various metamorphic
rocks, such as marbles, amphibolitic and muscovitic schists and gneisses with
pegmatitic veins, 'uncomformably overlain .by a series of volcano-sedimentary
rocks. ,The Servo-Macedonian massif is overthrust eastwards onto the Rhodope
massif.
x) The Rhodope Massif
This llJassif. occupies the north-eastern part of continental Greece· and
consists of metamorphic rocks divided into two groups, namely a lower one,
consisting of, gneisses, and amphibolitic schists, and an upper one, consisting of
marbles and amphibolitic and muscovitic schists. Their precise age is unknown but
they may well be Precambrian.
xi) The Cycladic Massif
,. This occupies an area covering the southern part of Evia and the Cyclades
islands, as far as the island of Samos. The lower sequence, outcropping mainly on
Evia and on the norther'1. islands' of the Cyclades, consists of low-grade
metamorphic rocks, marbles, volcanic rocks (metatuffs, metalavas) and clastic
sediments of Mesozoic age. The upper sequence, consisting of non-metamorphic
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carbonate and clastic sediments and also ophiolites of Perm!an-Mesozoic age,
forms a nappe overthrust onto the lower sequence of rocks.
2.3 Geology of the Peloponnese
The Peloponnese is built up of metamorphic and sedimentary rocks which








Quite a large part of the Peloponnese, especially the southern part and
including the mountain of Taygetos, is made up of metamorphic rocks•. Problems
concerning their age, time of metamorphism, geotectonic structure and
development and relationships with the other geotectonic units have perplexed
geologists for a long time and the various models proposed still leave room for
doubt.
For a long time, up to to early 1970's, the whole sequence of metamorphic
rocks was considered to form the basement of the Tripolis zone and to consist of a
single autochthonous unit believed to be of Upper Palaeozoic age (Renz, 1955;
Paraskevopoulos, 1964; Kiskyras, 1964). As a result of recent research, the
sequence has now been divided into three geotectonic units of different ages and of
different tectonic evolution (Jacobshag~net al., 1978, see Fig. 2.2.a). In ascending
order, these units are as follows:
a) The Plattenkalk series of sediments, consisting 'of thinly-bedded, multi-
coloured crystalline cherty limestones and phyllites of Triassic to Eocene-Lower
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Fig. 2. '2 a Schematic cross-section through the nappe sequence of the
Peloponnese, after Jacobshagen et ale (1978).
A
Tripolis zone
1. Flysch (Palaeocene-Eocene), 2. Beds
transitional to the flysch (Palaeocene),
3. Upper Cretaceous limestones,
4. Radiolarites, pelites and sandstones of the
'first flysch' (Jurassic-Lower
Cretaceous/Cenomanian), 5. Limestones with
intercalations of cherts (Lower Jurassic),
6. Triassic formations with mainly clastic
sediments and also limestones.
At the base of the Pindic nappe a'tectonic
block' formation occurs.
7. Flysch (Eocene-Oligocene/Miocene),
8. Limestones, dolomites unconformably
developed on the Tyros beds; locally Eocene
bauxites (Upper Triassic-Eocene), 9. Low
grade metamorphic basement (the Tyros beds)
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D. Plattenkalk series (Ionios zone?)
11. Metaflysch (Oligocene), 12. Platty
marbles with cherts, 13. Siliceous schists of
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assert that, despite lithological differences, the Plattenkalk series of sediments is
equivalent to that of the Ionian zone, partly because of the coincidence in flysch
deposition in both series during the Upper Eocene-Oligocene (Bonneau, 1973; Kuss
and Thorberke, 1974; Bizon et al., 1976; Thiebault, 1977).
The Plattenkalk series is of low-grade metamorphism and is considered to be
of alpine age (Oligocene) (Paraskevopoulos, 1964; Thiebault, 1975). It is the only
autochthonous geotectonic unit in the Peloponnese. The basement of this series,
known from studies of Crete, has been recognised at the Taygetos mountain in the
southern Peloponnese and consists of a slightly metamorphosed series of clastic
sediments (Psonis, 1981).
b) The Phyllitic-Quartzitic series of metamorphic rocks, such as phyllites,
quartzites, marbles, schists and meta-volcanic rocks. They are known to have been
metamorphosed - under high pressure and low temperature conditions, as the
minerals glaucophane and lawsonite have been identified in these rocks. The main
phase took place during the Oligocene-Lower Miocene (Seidel et al., 1977).
Until, recen~ly, it was believed that the Phyllitic-Quartzitic series
corresponded to the upper part of the Plattenkalk metaflysch and that it was of
Oligocene age (Bizon and Thiebault, 1974; Lekkas and Papanikolaou, 1978). Recent
studies have shown that the Phyllitic-Quartzitic series is an individual unit,
tectonically emplaced between the Plattenkalk series and the real basement of the
Tripolis zone sequence (Seidel et al., 1977; Jacobshagen, et al., 1978; Papanikolaou,
1982).
c) The real basement of the Tripolis zone, known as the Tyros beds, which
consists of slightly metamorphic rocks, mainly crystalline limestone, phyllites,
shales; sandstones, conglomerates and volcanic rocks, for which an Upper
Palaeozoic (Permo-Carboniferous)-Lower Triassic age has been determined
(Ktenas, 1924, 1926; Marinos and Richter, 1958; Fytrolakis, 1967, 1972; Epting et
al., 1972). They have generally undergone a very low-grade metamorphism.
The alpine (of Upper Triassic to Eocene age) series of sediments of the
Tripolis zone, consisting of a thick carbonate sequence and flysch sediments,
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transgresses onto the Tyros beds or overlies them tectonically.
Some researchers (Fytrolakis, 1971; Mariolakos, 1976) have put forward the
theory that the Tripolis zone is divided into two subzones, namely the Tripolis
subzone and another, occurring further to the west and called by Kiskyras (1964),
the Gabrobos-Pylos subzone. The sediments of these subzones, which are of similar
facies, were believed to have been deposited over different palaeogeographical
regions. Most geologists, however, have considered these subzones to be a single
zone. A palaeontological-sedimentary study, carried out by Fleury (1980) led him
to the conclusion that the Tripolis and Gabrobos subzones constituted a unique
series, deposited on a submarine ridge, and showed only a small difference in depth
of sedimentation.
The formations of the Pindos zone, which make up a large part, of the
Peloponnese, have been moved completely away from their original positions by
being overthrust onto the Tripolis zone. The basement of the Pindos zone, which is
as yet unknown, is thought, however, to have retained its original position and to
have been unaffected by the overthrust processes.
Great differences in both structure and stratigraphy can be observed between
the Pindos zone formations which occur in the eastern-central part of the
Peloponnese and those which occur in the western part. In the eastern-central
part, the Pindos zone forms a single tectonic unit which consists of only the upper
stratigraphic horizons, mainly made up of Upper Cretaceous limestones. In the
I
western part of the Peloponnese, on the other hand, the Pindos zone exhibits a
complicated structure comprising a series of dislodged slices and major recumbent
folds of formations ranging from Upper Triassic to Oligocene age.
Attempts to explain and account for the different stratigraphic and tectonic
characters of these two distinct parts of the Pindos zone have led to two
alternative models being proposed. The first explores the idea of two basins,
located one on each side of the Tripolis zone (Kiskyras, 1964; Fytrolakis, 1972;
Mariolakos, 1976): wl1ile the second postulates a single sedimentary basin in the
-.
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form of a trough extending in an easterly direction from the Tripolis ridge
(Aubouin, 1959; Dercourt, 1964; Tsofilas, 1969; Katsikatsos, 1980). The second
model is ~ased on more sound scientific evidence and arguments and is, therefore,
more feasible and more widely accepted (see Chapter 4.3.2 for details).
During the alpine orogeny, which took place during the Tertiary
(Oligocene/Miocene), 0 westward overthrust of the zones or, rather, a subsidence
of the external zones towards the internal ones in line with the plate-tectonic
theory, took place and the Pindos zone was emplaced over the Tripolis zone.
The alpine orogeny appears, according to stratigraphical evidence, to have
ended during" the Upper Miocene (Kowalczyk et al., 1977) and was followed by a
'block faulting' stage of tectonic movements. This resulted in an overall
disintegration of the Peloponnese into several fault blocks. The individual
movements of these blocks, which are bordered by faults striking in a N or NNW or,
alternatively, an E or ENE direction, were responsible for the formation of the
tectonic basins, such as that of Megalopolis, and also controlled the regional
distribution of the Neogene deposits.
From a hydrogeological point of view, three main systems of aquifers have
developed in the Peloponnese. These are:
1) The Upper Cretaceous limestones of the Pindos zone, in which the
groundwater movement is controlled by the impermeable sediments of the
first flysch.
2) The Mesozoic carbonate sequence of the Tripolis zone, in which the
groundwater movement is restricted by the impermeable Upper Palaeozoic
basement and Phyllitic-Quartzitic series. This system is fed by large sink
holes in the central Peloponnese (e.g. Tripolis high plain) and is discharged by
major springs (e.g. Lousios river, Kefalari at Argos, Aghios Floros in the
southern Peloponnese) or by submarine springs on the eastern side of the
Peloponnese.
3) The 'Plattenkalk series' marbles, which generally discharge into the sea.
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CHAPTER 3: STRATIGRAPHY OF THE MEGALOPOLIS AREA
Introduction
In order to facilitate a better hydrogeological analysis of the northern part
of the basin, the surrounding area was mapped on a scale of 1:25,000 (The
topographical map was derived from enlargements of the topographical sheets,
which were to a scale· of 1:50,000). The geological map forms part of the present
study.; This mapping was necessary as the previously existing map by Vinken and
Ulttig in 1960 (included in Gold report, 1963) to a scale of 1:25,000, was
considered, for the following reasons, to be inadequate for the hydrogeological
study undertaken by the author.
1) It covered only a small area of the limestone which outcrops on the western,
northern and eastern sides of the basin and which could contribute groundwater to
the karstic aquifers developed in the northern part of the basin, if they were in
hydrogeological continui ty.
2) The structure and· geology· of the Tripolis and Pindos zones as given by
Vinken and Ulttig's map' was inaccurate, as neither the tectonic relationship
between these zones, nor their stratigraphy were 'well known at that time.
Vinken and LUttig (~. cit.) concentrated on the Tertiary and Quaternary
formations filling the basin in their investigations.
The following geological formations occur in the Megalopolis basin:
a) Phyllitic-Quartzitic series of schists and quartzites.
b) Metamorphic rocks forming the basement of the Tripolis zone (Tyros beds).
c) Carbonate rocks and flysch of the Tripolis zone.
d) 'First flysch', Upper Cretaceous limestones, and transitional beds to the
flysch of the Pindos zone.
e) Tertiary and Quaternary formations.
To obtain a better geological analysis of the studied area, the stratigraphy
of the formations was studied and a great number of samples were selected for
palaeontological and petrological study.'
-.
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In many cases, the results did not contribute greatly to the overall study
because many samples lacked characteristic fossils in part because of the effects
of metamorphism (e.g. recrystallisation).
In the case of the Tripolis zone, the dolomitisation observed in the whole
carbonate sequence, the relative uniformity of the sedimentation (neritic
limestones) and the tectonic movements (both vertical and tangential) prevented
the separation and, hence, the mapping of the various stratigraphic units.
3.1 PHVLLITIC-QUARTZITIC SERIES
3.1.1 Introduction - Peloponnese
As has already been discussed, all the metamorphic rocks occurring in the
Peloponnese and continuing as far as Crete were long considered to be a sole
system, constituting the Upper Palaeozoic basement of the Mesozoic-Lower
Tertiary sequence of sediments of the Tripolis zone.
Ktenas (1924, 1926) was the first to distinguish two distinct units of rocks
within them, namely a lower metamorphic unit and an overlying one of a slightly
metamorphosed volcano-sedimentary complex of rocks which he called the 'Tyros
beds'. He determined the age of the Tyros beds as being Upper Palaeozoic and
considered them as the true basement of the Tripolis zone. His observations and
opinions were overlooked in later studies by more recent geologists who considered
the metamorphic rocks to be' a sole system. According to Renz (1955), they
constituted the 'crytstalline massif' of the Peloponnese and Crete, while
Paraskevopoulos (1964), referred to them as the 'metamorphic system' of the
Peloponnese and Crete with their metamorphism being of alpine age.
In 1974, Bizon and Thiebault determined the age of the upper horizons of the
platey multi-coloured cherty marbles, occurring in the Peloponnese and known as
the 'Plattenkalk' series, as being Oligocene. Based on this, the metamorphic rocks
were divided into two series:
a) An upper series of Upper-Palaeozoic age, consisting of phyllites, shales,
. -
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limestones and volcanic rocks, considered to be the basement of the Tripolis
zone and,
b) A lower series of Mesozoic-Tertiary age, the 'Plattenkalk' series, consisting
of platey, multi-coloured, cherty marbles and, ahove them, a phyllite series.
The upper unit is thought to be thrust onto the lower one.
Lekkas and' Papanikolaou (1978) considered that the 'phyllites' of the
Peloponnese could be divided into two tectonic units, namely an upper unit, which
corresponds to the Tyros beds, and a lower one, which corresponds to the
'Plattenkalk' metaflysch. It shows a low to medium grade of metamorphism and is
of Oligocene age.
Only recently has it been determined that the lower unit is built up of two
series of sediments, these being a lower one, the 'Plattenkalk' series, of platey
multi-coloured marbles with cherts and, above this, phyllites which correspond to
the metaflysch ot' the 'Plattenkalk' sequence and an upper unit~ tectonically
superimposed onto the lower one and consisting of the Phyllitic-Quartzitic series,
mainly of phyllites, schists and quartzites.
Psonis (1981) described the Phyllitic-Quartzitic series in the southern
Peloponnese as 'consisting of schist~ (mainly metapelites with glaucophane, epidote,
chlorite, chloritoid and white 'mica) alternating with metaconglomerates and
metabasalts.
Georgoulis (1983) studied the south-western part of the Tripolis basin, east of
the Megalopolis basin, and showed that thIs series' consists of mIca-schists,
graphitic phyllites and, locally, quartzites with intercalations of dark-coloured




Glaucophane, lawsonite and other minerals found in the Phyllitic-Quartzitic
series indicate that metamorphism has taken place under conditions of high
pres~ure and low temperat~re (Thiebault, 1975; 'Jacobshagen, et al., 1976).
The' age (;f the metamorphism is disputed. It has generally been deemed to be
-,
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Alpine (Oligocene/Miocene) (Paraskevopoulos, 1964; Seidel; et al., 1977), while
Richter (1975) attributed a pre-Triassic age to at least some of the metamorphic
rocks of the Peloponnese, as the basal conglomerate of the Tripolis zone carbonate
rock sequence (Mesozoic-Lower Tertiary) contains clasts of the phyllites.
3.1.2 Megalopolis area
The metamorphic rocks of the Phyllitic-Quartzitic series outcrop in the
eastern part of the mapped area, to the south-west of the village of Arachamites.
The Phyllitic-Quartzitic series consists of phyllites, mica-schists, quartzitic
schists and quartzites. They can be recognised as being of low-grade
metamorphism. Intercalations of carbonates or carbonate schists were not
observed here, contrary to statements by other investigators in their studies qf
other areas of the Peloponnese (e.g. Georgoulis, 1983).
Quartzites are usually strongly jointed, sometimes recrystallised and often
veined with quartz (see Plate 1).
The phyllites and schists exhibit a great variety. Petrographic ,analysis
showed them to include:
a) Quartzitic-schist: ,quartz in thin alternations with white mica and chlorite
and sometimes glaucophane and feldspars., Secondary constituents include
tourmaline and zircon.
b) , Mica-schist: muscovite, biotite, chlorite, quartz, feldspars and tourmaline.
The dark colour of the rock is due to the presence of amorphous carbonaceous
material and possibly.also to graphite.
c) Mica-chloritoid quartzite: quartz, muscovite and chloritoid and smaller
amounts of epidote, chlorite and feldspars (albite). Secondary constitutents
include sphene and altered biotite.
The presence of glaucophane suggests that their metamorphism took place
under conditions of, high pressure and low temperature.
Formations of the Tripolis zone are overthrust onto the Phyllitic-Quartzitic
--..
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series. The stratigraphical level of the base of the Tripolis nappe varies across the
area. Generally, the upper carbonate horizons (Cretaceous-Eocene) together with
flysch sediments or just the flysch alone rest on the Phyllitic-Quartzitic series (see
Fig. 3.1). The lower carbonate parts and Upper Palaeozoic basement (Tyros beds)
of the Tripolis zone are not present in this area. A thin tectonic wedge of slightly
metamporphosed rocks occurs east of the village of Arachamites between the base
of the Tripolis nappe and the Phyllitic-Quartzitic series. This wedge probably
corresponds to the Upper Palaeozoic basement of the Tripolis zon,e.
The Phyllitic-Quartzitic and Tripolis limestones are strongly deformed within
a few metres of the thrust surface, with the Tripolis limestone especially showing
local recrystallisation. No metamorphism was observed in the lower Tripolis
limestones or the flysch sediments overlying the Phyllitic-Quartzitic series and this
indicates that the overthrust process took place after the Phyllitic-Quartzitic
series had already undergone metamorphism.
The Phyllitic-Quartzitic series does, in fact, constitute the lowest tectonic
unit in the study area and its wide outcrop is only present due to abroad, open fold
•
which occurs at this point. Its thickness has been estimated at more than 700 m.
The occurrence and the areal distribution of the Phyllitic-Quartzitic series
and also of the sediments of the Upper Palaeozoic basement of the'Tripolis zone,
both of which are impermeable series, are very significant from a hydrogeological
point of view, as these two units control the movement of the groundwater through
the limestones of the Tripolis zone and; elsewhere in the Peloponnese, through
parts of the limestones of the Pindos zone whence ground water may leak into the
Tripolis limestones•.
3.2 TRIPOLIS ZONE
3.2.1 Tyros beds (Basement): Upper Palaeozoic - Lower Triassic
3.2.1.1 Introduction - Peloponnese
The basement of the alpine age (Upper Triassic-Oligocene/Miocene)
sediments of the Tripolis zone, known as the Tyros beds, consists of low-grade
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metamorphic rocks, such as phyllites, marbles, tuffs and volcanic rocks which are
of Palaeozoic to Low'er Triassic age.
Ktenas (1926) described the Tyros beds as a distinct unit consisting of shales,
limestones, tuffs and porphyritic volcanic rocks. He proposed that they were of
Upper Palaeozoic age and considered them to be the real basement of the Tripolis
zone.
Panagos et ale (1979) distinguished three stratigraphical units within the
Tyros' beds, unconformably or tectonically overlying a metamorphic complex of
sandstones, mica-schists and marls. From bottom to top they are: Carboniferous
shales and limestones overlain unconformably by a conglomerate containing pebbles
from both the Carboniferous limestone and the metamorphic complex, followed by
a thick sequence of volcanic rocks, such as tuffs, and fine agglomerates with
andesite flows and intrusions. They are slightly metamorphosed and locally almost
undeformed.
Tataris and Maragoudakis (1965) suggested that the carbonate rocks of the
Tripolis zone transgress the Tyros beds, although they noted that the sequence does
appear to be continuous in some areas.
The exact nature of the contact between th'e Tyros beds and the overlying
carbonate rock sequence of the Tripolis zone is disputed. The majority of
geologists have agreed that this contact is often tectonically disturbed but that a
sedimentary contact, usually unconformable, can be recognised' in a few places,
(Oercourt, 1964; Richter, 1974, 1975; Thiebault, 1975; Tsoflias, 1976). A few
geologists have talked about a 'decollement' of the zone (Oercourt et al., 1976),
while still other~ have talked about a tectonic contact (Lekkas, 1978; Jacobshagen
et al., 1978). Lekkas and Papanikolaou (1978) reported that a gradual transition
from the Tyros beds to the Tripolis limestones can be identified.
Many fossiliferous sites have been reported for the Tyros beds in the
Peloponnese and for the corresponding sequence in Crete. Examination has shown
them to contain foraminifera, ostracods, algae and ammonites and their age has
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been determined as Upper-Palaeozoic (Permo-Carboniferous) to Lower Triassic
(Ktenas, 1924 and 1926; Marinos and Richter, 1958; Fytrolakis, 1967, 1971 and
1972; Paraskevopoulos, 1964; Epting et al., 1972).
The Tyros beds are generally of low-grade metamorphism, but they have also
been de:>cribed as having little or no metamorphism (Lekkas and 'Papanikolaou,
1978; Panagos. et al., 1979). Their metamorphism is of alpine age
(Oligocene/Miocene) (Thiebault, 1975) and, according to Panagos et a1. (1979), it is
probably associated with a thermal event that took place during the Oligocene and
which also caused the recrystallisation of the lower part of the Tripolis dolomites
and limestones (Richter, 1975).
3.2.1.2 Megalopolis area
. The basement of the Tripolis zone (Tyros beds) outcrops on the north-eastern
side of the Megalopolis basin over a small area to the west of the village of Vangos
/
and extends, as an interrupted stripe, through the village of Karatoula almost as
far as the village of Lykochia. Only the upper part of this formation is exposed. It
consists of thinly bedded (beds of 1-5 cm) black to dark blue graphitic limestones,
sandy micaceous limestones, calcareous phyllites and phyllites. The graphitic
limestones are crystalline with small to medium crystal size and constitute the
principal component of the series, as the clastic sediments often merely
intercalate in the sequence or, more rarely, 'alternate with the carbonate
sediments. The sequence appears in the field to be of low-grade metamorphism.
A study of the petrology of a few thin-sections made from these rocks,
together with thermal analysis, allowed the types of the rocks of the basement
outcropping between the villages of Karatoula and Lykochia to be determined and
categorized. The rock types include:
j) . Dolomites, calcareous dolomites and limestones, micro-medium crystalline or
even macro,:crystalline, 'often mylonitonized with dolomitic or calcitic veins
of various thickness crossing their mass. Often, they include small amounts
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of quartz, feldspar, muscovite and opaque minerals, while their commonly
dark colour is due to the presence of small amounts of amorphous
carbonaceous material and iron hydroxides. Secondary calcitisation of the
dolomites was observed in several samples.
ii) Micaceous-dolomites, medium-grained crystalline dolomite in thin layers,
alternating with microcrystalline dolomite which contains muscovite,
sericite. small crystals of quartz, feldspar, haematite and also fine fragments
of mica-schist. A parallel development of texture and a slight elongation of
the crystals of the dolomite in the dolomitic layers was observed.
iii) Micaceous-calcareous phyllites with dolomite-calcite and smaller amounts of
sericite, muscovite, quartz, feldspar and probably brucite. Their dark colour
can be explained by the presence of amorphous carbonaceous material and
Fe-oxides and hydroxides. In the secondary calcite veins, large crystals of
haematite and goethite occur.
iv) Quartz-sericite-phyllites, microcrystalline, with compact parallel texture,
micro-folded and consisting of layers of sericite with a little quartz
alternating with layers of quartz with a little sericite. Small amounts of
haematite and feldspar are also present.
A small occurrence of rocks has been observed 500 metres to the east of the
village of Arachamites in the form of a thin stripe (7-10 m thick) tectonically
thrust between the dolomites of the Tripolis zone and the Phyllitic-Quartzitic
series (see Fig. 3.1).
This occurrence consists of very slightly metamorphosed to non-
metamorphosed rocks, such as calcareous shales and sandstones. They are clearly
dist}nguished from the metamorphic rocks of the Phyllitic-Quartzitic series and are
believed, due to their tectonic position and petrological character, to correspond to
the Tyros beds.
The study of thin-sections from these rocks showed them to consist of:
Carbonate-clastic sediments containing calcite, quartz, iron oxides and
hydroxides and smaller amounts of illite, chlorite and probably feldspar. Two
-.
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vein systems formed at different stages are, generally, distinguished. The
older is made up of haematite, quartz, calcite and crystals of feldspar
showing incomplete development, while the younger one contains only
calcite. The formation 'of the older vein system must be a result of the
secondary effect of hydrothermal solutions and this may indicate the
presence of vulcanicity in the basin of sedimentation.
Samples taken from these basement dolomites and limestones to aid
determination of their age were not, unfortunately, found to contain fossils and
this prevented the establishment of a more precise idea of their age. The visible
thickness of the Tyros beds is estimated to be between 80 and 100 m south of
Lykochia.
The carbonate rocks of the Tripolis zone transgress the metamorphic rocks of
the Tripolis zone basement (Plate 3a). The contact between the two formations
can be clearly observed in places between the villages of Karatoula and Lykochia.
A basal conglomerate occurs at the base of the carbonate sequence (Plate 2). It
consists mainly of dolomite with a few metamorphic, angular to subangular
pebbles, the latter originating from the Tyros beds, set in a predominantly dolomite
or calcite matrix.
The presence of pebbles of the metamorphic basement in the basal
conglomerate indicates that the metamorphism of the basement took place before
the deposition of the carbonate and flysch sequences of the Tripolis zone.
The thickness of this formation is estimated to be between 5 and 20 m. This
variation in thickness is mostly of sedimentary origin but is also due to tectonic
movements.
A thrust between the overlying dolomites of the Tripolis zone and its
metamorphic basement is observed along most of the contact. The metamorphic
rocks at these places have retained the original texture of their beds to within just
1 m below the contact, while the lower few metres of the dolomites are· strongly
deformed and locally recrystallised (Plate 3b).
_..
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Plate 1: hQuartzites of the ~yllitic-Quartziticseries.
Kerastaris to Arachamites.








I I I I dolomltl) .lImj tones
Tyros beds(?} / phyllites
b. Phyll iti . - Ouart zit ic seri es
~ SChists, quartz.ltes






Basal conglomerate at the base of the carbonate rock series of the
Tripolis zone. On the Karatoula to Vangos road.
Limestones and Dolomites: Upper Triassic - Upper Eocene
Introduction - Peloponnese
The carbonate rocks of the Tripolis zone, as has already been discussed,
overlie its basement unconformably. During the entire alpine cycle, the Tripolis
zone was in the form of a submarine ridge where carbonate and flysch sediments
were deposited.
The carbonate sedimentation of neritic dolomites, dolomitic limestones and
limestones was almost continuous (with only small unconformities during the
Cretaceous and the Eocene) and of an almost uniform petrological character with
with no characteristic horizons. The division into stratigraphic units can only,
therefore, be made using palaeontological study and determinations. The total
thickness of the carbonate sediments is more than 2000m.
(i) The Upper Triassic is represented by dolomites and dolomitic limestones,
often recrystallised. Despite their often intensive secondary dolomitisation and
recrystallisation, a few fossils such as Megalodon, Gyroporella, Diproporella and
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Plate 3a: Transgressive deposition of the carbonate rocks of the Tripolis zone
onto its basement, i.e. Tyros beds; a) basal conglomerate and b) phyllit s.
Megalopolis to Lykochia road, approximately lkm south of Lykochia.
Plate 3b: Thrust contact between the carbonate rocks and the basement of the
Tripolis zone; a) dolomites and b) phyllites. Palamari to Karatoulas road,
approximately 700m NW of Karatoulas.
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Triassina sp were found, thus confirming them to be of Triassic age (Ktenas, 1924;
Renz, 1955; Tataris and Maragoudakis, 1965). Their thickness is 50-300m.
(ii) The Jurassic is represented by limestones and dolomites generally poor in
fossils. Tataris and Maragoudakis (1965) described two horizons with characteristic
fauna in the Jurassic, one in the lower Jurassic and containing Pinidae, Limidae,
small Megalodons and Gasteropods, and another in the Upper Jurassic and contain-
ing Gladocoropsis. The Jurassic beds are 500-1000m thick.
(Hi) During the Cretaceous, neritic limestones, dolomitic limestones and
dolomites were also deposited with fossils such as Rudists, Aeolissacus, Crystalli-
dina, Miliolidae, Gasteropods, algae and corals. The Upper Cretaceous horizons are
generally less dolomitised and more fossiliferous than those of the Lower Creta-
ceous. The total thickness of the Cretaceous beds is about 500-1000m.
Tataris and Maragoudakis (1966) described the presence of an intercalation of
dolomitic breccias which originated from the lower parts of the Tripolis sequence
within the Lower Cretaceous, while Tsaila (1977) described the occurrence of a
layer of clastic limestone and a few quartz breccias of considerable thickness (60-
80m), deposited close to the boundary between the Early and the Late Cretaceous.
She also noted that, in places where this formation was not deposited, a
stratigraphical gap exists and suggested that the deposits of clastic limestone or
the presence of the stratigraphic gap might be the result of orogenic movements in
the Peloponnese at that time. Lekkas (1978) also referred to the presence of
clastic horizons within the Cretaceous limestone.
The Palaeocene and the Eocene are usually represented by thick-bedded, dark
blue-grey, bituminous limestones and dolomites with occasional intercalations of
black cherts or limestone breccias. They include many microfossils such as
Nummulites, Alvaeolina and Discocyclina. Their thickness is about 300m.
The presence of unconformities within the Eocene limestone, sometimes with
the formation of bauxite deposits, has been reported, indicating orogenic
movements during that time. Kiskyras (1958) described the presence of bauxite
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deposits within the upper part of the Eocene in the south-western Peloponnese.
Tataris and Maragoudakis (1966) referred to the formation of small bauxite
deposits or to the deposition' of flysch-like sediments in the central and southern
Peloponnese, seeing them as a result of a short emergence of the Tripolis zone
during the Middle Eocene.
The carbonate sedimentation was followed by the deposition of flysch
sediments.
3.2.2.2 Megalopolis area
The carbonate sediments of the Tripolis zone occupy a large area on the
eastern and the far north-eastern sides of the Megalopolis basin. They also outcrop
along the bottom of the Lousios river valley (Plate 4a).
A detailed study of their stratigraphy has not been carried out. In cases
where stratigraphical or tectonic problems might arise, reconnaissance samples
were taken for palaeontological determination. The presence of microfossils (e.g.
Nummulites, Alvaeolina), which can be macroscopically distinguished in the field
and which enables the limestones to be dated as of Palaeocene-Eocene age, proved
to be quite useful in many cases.
The entire carbonate rock sequence appears to be present in the area.
The carbonate sequence transgresses onto the low-grade metamorphic
basement of the Tripolis zone, with a basal conglomerate occurring at its base. It
consists of angular to sub-angular pebbles of dolomites and a few of the
metamorphic rocks of the basement in a dolomitic-calcite cement. A degree of
thrusting has occurred along the contact between the carbonate rocks and the low-
grade metamorphic basement in most places.
The lower part of the carbonate sequence can be observed in several places
around the vUlage of Karatoula or between Karatoula and Lykochia. It consists of
bright yellow-grey crystalline, unbedded to poorly-bedded dolomites and dolomitic
limestones which are in places intensively recrystallised due to past tectonic
-.
32
movement within the zone. Going upwards, the bedding gradually becomes more
distinct and the sequence consists of crystalline bright-grey to dark blue-grey
limestones and dolomites. The dolomites tend to dominate in the lower part of the
sequence. The total thickness is more than 300m.
It was not possible to determine a precise age, since fossils were not found in
the thin-sections made from samples taken from these dolomites and limestones.
A Triassic and a possible Jurassic age for the upper part may, nevertheless, be
assumed because they transgress onto the Palaeozoic - Lower Triassic basement of
the Tripolis zone and make up the base of the carbonate sequence which is known,
from other areas of the Peloponnese, to be of Upper Triassic age. Marinos et ale
(1959), who studied the Megalopolis basin, suggested a Triassic-Jurassic age for
these dolomites and limestones as they found fossils that resembled Megalodon.
The Jurassic-Cretaceous age was determined in a few reconnaissance samples
taken from the main outcrop to the north of the village of Lykochia where
limestones and dolomitic limestones with intercalations of dolomites occur. The
age was determined by the presence of the following fossils: Thaumatoporella sp,
Crystallinida sp, Aeolisaccus sp, Textulariidae, Valvulinidae and Meliolidae. The
limestones here are generally crystalline, bright or dark blue-grey, usually
bituminous, thick-bedded to unbedded but locally thin to medium-bedded.
A probable Cretaceous or earlier age was determined (due to their intensive
recrystallization, fossils were not well preserved) for the limestones lying just
below the Pindic nappe to the north-east of the village of Stemnitsa and east of the
village of Lykochia. They are finely crystalline and locally coarsely crystalline,
bright-grey, thin to medium-bedded limestones, often dolomitised. The intensive
recrystallisation observed here is due, to a certain degree, to the overthrust
movement of the Pindic nappe.
The limestones of the Palaeocene-Eocene can be easily distinguished in the
field due to the presence of microfossils (e.g. Nummulites). They make up the




Plate 4a: Carbonate rocks of the Tripolis zone outcropping in the valley of the
Lousios river.
Plate 4b: Upper part of the thick-bedded carbonate rocks of the Tripolis zone.
Lousios river valley.
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These limestones are generally dark blue-grey, thick-bedded or even massive,
compact, bituminous, usually crystalline and often bioclastic. Occasional fine
conglomeratic layers of limestone clasts occur. Dolomitic layers are not often
found but, locally, the limestones are secondarily dolomitised. The Palaeocene-
Eocene age of the limestones was determined by the presence - recognised in thin-
sections - of the following fossils: Nummulites sp, Alvaeolina sp, Pelatyspira sp,
Discosyclina sp, Foscusyclina sp, Spirolina sp, Actinocyclina sp, Esterocygina sp,
Assilina sp, Asterodiscus sp, Hesterostezina sp, Globigerina sp, Miliolidae,
Rotaliidae, Globigerinidae, Melobizioideae, Gypsinidae, Orbitoididae, algae and
ostracods.
For the horizons of the limestone closely underlying the flysch sediments in a
few places, an Upper Eocene (Lutesian-Priabonian) age was determined, according
to the fauna contained in the rock and including Esterocygina sp, Nummulites sp,
Alvaeolina sp, Spirolina sp, Actinocyclina sp, Miliolidae and Melobizioidiae.
Marinos et ale (1959) determined a Lutesian-Priabonian age for these limestones.
The thickness of the entire carbonate sequence is estimated to be more than
1000m.
3.2.3 Flysch: Upper Eocene - Oligocene/Miocene(?)
3.2.3.1 Introduction - Peloponnese
Sedimentation of the flysch started during the Upper Eocene (Priabonian):
(Dercourt et al., 1970; Fleurry and Tsoflias, 1972) and extended up to the
Oligocene, possibly to the lower Miocene (Dercourt, 1964; Richter, 1974). Lekkas,
1978, who studied part of the central Peloponnese, noted that the sedimentation of
the flysch could not. have started at the same time in all places because of its
varying discordance with the basement, which is made up of carbonate rocks of
Jurassic to Eocene age. Mariolakos (1976) stated that the commencement· of the
sedimentation of the flysch could not have been simultaneous throughout the
.Tripolis zone, as its deposition on the various parts at different altitudes, formed
during the Eocene block-faulting tectonism, must have started at different times.
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Geologists are divided over the question of the kind of contact between the
,
flysch and the underlying limestone in the Peloponnese. Some concluded that the
limestones have a normal transition to the flysch (Dercourt and Fleurry, 1977;
Dercourt, 1964; Tsoflias, 1976), while others assert that there is a discordance
between them due to tectonism, uplift and karstification that took place during the
Eocene (Richter and Mariolakos, 1973a,b,c; Lekkas, 1978; Katsikatsos, 1980). Most
are agreed that both types do exist in the Peloponnese but that the unconformable
one is more common (Mariolakos, 1976; Georgoulis, 1983).
The flysch in the Peloponnese generally consists of alternating beds of marls,
clays - siltstones and sandstones. In its middle and upper parts, the presence of
polygenetic-petromictic conglomerates (derived from both the Pindos and the
Tripolis zones) or monogenetic-petromictic conglomerates (derived only from the
Tripolis zone) has been ascribed to the Eocene block-faulting tectonism of the
Tripolis zone and the overthrust processes of the Pindos zone. These conglomerates
consist mainly of limestone, radiolarite and of sandstone or only of limestone
pebbles. They exhibit a considerable thickness (250m) in the western part' of the
Peloponnese (Fytrolakis, 1971).
Fytrolakis defined three units within the flysch in the western Peloponnese.
1. A clay-marl unit, which consists of clayey-marls with rare intercalations of
fine-grained sandstones with a total thickness of 120-160m.
2. A sandstone-marl unit, consisting of alternating beds of marls and sandstones
with a thickness of 80m.
3. A conglomeratic unit, the pebbles of which originate from the upper part of
the Pindos zone. This unit has a thickness of 200-250m.
Perrier, who mapped a large area in the southern Peloponnese between 1973
and 1975, distinguished two units within the flysch:
1. A lower unit of Oligocene age and consisting of sandstones, marls and
conglomerates with a total thickness of 2500m.
2. An upper one of probable Upper Oligocene age and consisting of thick beds of
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conglomerates with pebbles of the Upper Cretaceous limestones of the Pindos
zone with intercalations of sandstones or marls and embedded olistoliths,
with a total thickness of 750-1250m.
Katsikatsos (l980) also distinguished two parts within the flysch in the
southern Peloponnese.
1. A lower one, consisting of compact sandstones about 1000m thick of
Priabonian (Upper Eocene) age.
2. An upper part, consisting of alternating beds of siltstones, marls, sandstones
and intercalations of conglomerates or dispersed pebbles of elements derived
from the Tripolis and Pindos zones and overlying discordantly the lower part
as defined by Katsikatsos. Its thickness is 50-300m and it is of Oligocene
age.
3.2.3.2 Megalolopis Area
The flysch of the Tripolis zone is of great extent on the eastern side of the
Megalopolis basin and also outcrops, underlying the Pindic nappe, in the far
northern part of the basin on both sides of the Lousios river valley to the west of
the village of Stemnitsa.
The typical constitution of the flysch is of fine or medium grain size
sandstones, shales and siltstones in alternating succession (Plate 5b). Usually, the
sandstone beds, which are brown in their weathered state or greenish-brown in
their original state, prevail in the middle to upper part of the thin-bedded flysch
sequence, while the shales and marly siltstones dominate the lower part (Plate Sa).
Between the villages of Marmaria and Palaeochouni, limestone beds with chert
bands are found within the flysch. They are pelagic limestones with planktonic
fossils such as Globigerina sp and Globorotalia sp and overlie the clay and siltstone
flysch sediments. Microfossils are not found in the clastic flysch beds in which
only unidentified plant remains occur.
The sediments of the flysch generally overlie sedimentarily the limestones of
-.
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Plate 5a: Flysch sediments of the Tripolis zone; alternating beds of shales,
marly siltstones and fine-grained sandstones. North of the village of Stemnitsa.
Plate 5b: Flysch sediments of the Tripolis zone; alternating beds of sandstones
and shales. Megalopolis to Tripolis road on the eastern side of the basin.
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the Tripolis zone, although they are overthrust directly onto the metamorphic
rocks of the Phyllitic-Quartzitic series for a short distance on the eastern side of
the basin, west of the village of Arachamites.
Before the type of contact between the flysch and the limestones and also a
few typical sites are described, it may be helpful to make a brief reference to the
palaeogeography of the Tripolis zone, both before and during the sedimentation of
the flysch (see also Chapter 4.3.2).
During the Eocene, block-faulting resulting in the formation of horsts and
grabens took place before the sedimentation of the flysch of the Tripolis zone.
Some horsts emerged and, after being subjected to mainly karstic erosion
with the formation of a karstic morphological relief and locally bauxite deposits,
they submerged and flysch sediments were deposited unconformably on top. Other
horsts were never submerged and simply continued, by their erosion, to supply the
grabens, where sedimentation of the flysch was taking place, with olistoliths and
other less coarse clastic material, either during the earlier stages or. ~hroughout
the entire period of deposition. Other horsts continued to exist as submarine ridges
which were never covered by flysch sediments. Finally, in the grabens, carbonate
sedimentation was followed by uninterrupted sedimentation of the flysch.
The contact between the limestones and the flysch in the area is usually an
unconformable one. The flysch has either been deposited on an old karstic relief of
the limestones or, in a few places, against old pre-flysch normal faults, i.e. those
forming the sides of the basin of sedimentation. In a few cases, the flysch comes
into tectonic contact with the limestones by normal faults. No typical transition,
with the presence of transitional beds from the limestone to the flysch, has been
observed in the area.
A characteristic example of unconformable deposition of the flysch on the
limestone can be observed in the Lousios river valley (Plate 6a). Here, in the
bottom of the valley, dark blue-grey, thick-bedded, locally dolomitized limestones
of Upper Cretaceous age are to be found, while the upper members of the
39
Plate 6a: Unconformable deposition of the flysch (a) on an old karstic surface of
the carbonate rocks aatl(b) of the Tripolis zone. Lousios river valley.
Plate 6b: Olistoliths and sub-rounded pebbles, originating from the upper parts
of the carbonate rocks of the Tripolis zone, within the lower part of the flysch
sequence. Northern end of the Lousios river valley.
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carbonate sequence consist of thick-bedded or massive dark blue-grey bituminous
limestones with many microfossils which have been determined as belonging to the
Palaeocene/Eocene. The total thickness of the carbonate sequence here is more
than 250m.
The flysch sediments of alternating thin beds of clays and sandstones have
been unconformably deposited on top of the Eocene limestones on a surface where
karstic depressions of a depth of more than 30m can be easily distinguished. The
thickness of the flysch is about 350m here.
At both the southern and the northern ends of the'limestones along the
valley, olistoliths, dispersed pebbles (angular to sub-rounded) and conglomerates
occur within the lower layers of the flysch.
At the southern end, the succession is as follows (Fig. 3.2):
i) Hard brown to grey calcareous siltstones-marls of a thickness of 3m rest
unconformably on an eroded surface of the Palaeocene-Eocene limestone. A
thin reddish-brown limonitic crust due to pre-flysch weathering is found in
places on the eroded surface.
H) This layer is followed by brown siltstones, marls, clays and fine-grained
sandstones. Limestone olistoliths of various size (up to 20m) and angular
pebbles, which are ehher dispersed within the formation or make up
aggregates in the form of lenses or intercalations, are embedded within them.
They are present predominantly in the lower part of the formation.
The large size of the olistoliths and, in particular, the angular shape of the
pebbles, indicate that their source area was close to the place of deposition. They
originated from the upper part (Eocene horizons) of the carbonate sequence of the
Tripolis zone, as is shown by the number of microfossils identified within them (e.g.
Nummulites, Alvaeolina, Miliolidae).
According to Dercourt and Fleury (1977), these two formations make up the
transition beds from the limestone to the flysch, while for 'Richter and Mariolakos
~
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Fig. 3.2: Schematic geological cross-sectlcn ci the L.ousIos rtver valley.
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These sediments (i and ii) gradually pass into the typh;al flysch sediments of
alternating beds of sandstones and shales.
At the northern end of the limestone outcrop, a similar formation occurs at
the base of the flysch sequence (Fig. 3.2). Here also, the flysch sediments have
been deposited on the pre-flysch eroded surface of the Palaeocene/Eocene lime-
stones. The lower part of the flysch sequence consists of marly-limestones and
micritic limestones which include olistoliths and relatively well-rounded pebbles of
the upper parts of the Tripolis zone. An Upper Eocene age was determined for
these beds by the presence of the fossils Globorotalia sp, Globigerina sp and a few
benthonic foraminifera. In places, the blocks and pebbles form extensive aggre-
gates in the form of intercalations or lenses set in a lime-marl matrix (Plate 6b).
,
The olistoliths and pebbles which occur in this lower part of the flysch -also
originate from the upper part of the Tripolis limestone of Palaeocene-Eocene age.
The well-rounded pebbles. indicate transportation, the most rounded having been
transported the furthest.
Going upwards, the sequence passes into the typical flysch sediments. Only
isolated blocks or lenses of pebbles of the Tripolis zone carbonate rocks are found
within the upper parts of the sandstone-shale flysch sediments.
The second type of sedimentary contact is where the flysch beds have been
deposited against old normal fault planes (Fig. 3.3). This type of contact can be
observed in a few places along the boundary between the limestone and the flysch,
from south of the village of Karatoula up to the village of Arachamites, on the
eastern side of the basin.
These surfaces generally dip with a relatively high angle (between 50° and
70°). In most places, slickensides and an oxidised limonitic crust can be clearly
observed on their planes. In some cases, where only one system of slickensides can
be distinguished, the upper part of the limestone is strongly brecciated while the
'overlying' flysch is almost undisturbed, thus suggesting that the fault is pre-flysch.
Generally, a second or even more sets of slickensides can be observed in addition
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Not to scale
LEGEND (see also text)
1. flysch 2. limestone 3. pre-flysch fault
Fig.3.3. Schematic representation of the contact between flysch and limestones
along a pre-flysch fault.
with another layer of fine crush breccia of both limestone and flysch elements,
indicating that most of these fnults were reactivated after the deposition of the
flysch.
The presence of pre-flysch faulting in the area is quite important from a
hydrogeological point of view, as it controlled the deposition and development of
the flysch over the wider area. The formation of the tectonic basin of Megalopolis
is probably due in part to the stage of faulting discussed above, while its final
configuration took place after the overthrust of the Pindic nappe.
Finally, in a few places the flysch comes into contact with the limestones
along normal faults.
Within the flysch, throughout its total thickness and in many places,
occurrences of sparse olistoliths of rocks, dispersed sub-angular pebbles or
conglomerates in the form of lenses or intercalations of various thickness,
originating either from the Tripolis or the Pindos zone or, in most places, from
both the zones, are to be found.
This development of the flysch with olistoliths and conglomerates, described
. -.
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by some investigators as 'wild' flysch (Lekkas, 1978; Georgoulis, 1983) or 'atypical'
flysch (Mariolakos, 1976), has been mapped separately as an individual unit on the
geological map of the area (1: 25,000).
Before these occurrences of the flysch are described and in order to aid the
understanding of them, a brief explanation of the mechanism of their formation
will be given.
As already mentioned, block-faulting, which took place before and probably
continued throughout the first stages of flysch deposition, resulted in the formation
of horsts and grabens in the Tripolis zone. From the horsts which remained
uncovered by flysch, limestone blocks and other less coarse fragments were
mechanically detached and deposited in the basins (grabens) in which sedimentation
of the flysch was taking place. The large size of the blocks and the angularity of
the pebbles indicate only limited transportation, while their local distribution,
especially in the lower part of the flysch, indicates that a few of them were later
covered by flysch sediments.
The 'advance' of the Pindic nappe during the last stages of sedimentation of
the flysch provided another source of olistoliths and smaller fragments for the
flysch basins and the formation of mainly polymictic conglomerates, originating
from both the horsts of the Tripolis zone and the front of the Pindic nappe, took
place.
It is clear, therefore, that the fragments found in the lower and middle parts
of the flysch originate exclusively from the Tripolis zone, while elements of the
Pindos zone formations dominate in the upper parts.
North-east of the village of Makrysion, extensive occurrences of olistoliths,
dispersed pebbles and conglomerates are to be found in the flysch (Plate 7a). These
include:
Limestone olistoliths of various sizes from the






Plate 7a: Conglomeratic lenses and olistoliths in the middle(?)-upper parts of
the flysch sequence. 1-1.5kms east of the villag of Makrysion.
Plate 7b: Conglomerates in the middle(?)-upper parts of the flysch sequence;
pebbles originating from the formations of the Pindos zone and also from the
carbonate rocks of the Tripolis zone. Approximately lkm east of the village of
Makrysion.
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ii) Olistoliths of sandstone, radiolarites and basic Igneous rocks, mainly spitites,
generally in small amounts.
iii) Conglomerates in the form of lenses or intercalations (Plate 7b). The latter
have been secondarily fragmented and resemble tectonic lenses. The pebbles
are generally sub-angular and only sub-rounded in a few cases. They range in
size from Imm to 40cm, while the matrix is clay or calcite in which
fragments of fossils or whole fossils which have been transported (e.g.
Nummulites) can sometimes be found. A few of the conglomerates consist of
pebbles originating exclusively from the Tripolis limestone, while others are
polymictic of elements originating from both the zones, such as limestone,
sandstone, radiolarite and basic igneous rocks.
These olistoliths and conglomerates are developed at different stratigraphic
levels. It was not possible for a continuous natural cross-section to be observed
and thus for a complete stratigraphic column to be given. Undetected thrusts
within the flysch may well repeat the sequence. Also, as the base of the flysch is
not exposed here, it is not possible for direct correlations wi th the Lousios river
area to be made.
In an extensive area south east of the village of Marmaria, the following
sedimentary components are to be found included in the flysch:
a) Olistoliths mainly originating from the Upper Cretaceous limestone of the
Pindos zone. Their size ranges between O.5m and 15m. Smaller amounts of
olistoliths of sandstones and basic igneous rocks also occur.
b) Pebbles which either constitute conglomerate bands wt'thin clay or lime
matrix or which are dispersed in the flysch. They are generally sub-angular
but locally well-rounded and originate from the Eocene limestone of the
Tripolis zone and also from the Triassic-Jurassic or the Upper Cretaceous
limestones, radiolarites and sandstones of the Pindos zones.
c) Lenses of limestone turbidites.
Lenses of limestone breccia of turbiditic origin are found in several places,
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such as around Mallota, to the west of Palaeochouni and south-cast of Marmaria.
They are of small extent and their thickness is between 1 and 15m. The limestone
particles range in size from Imm to lOcm. They are generally well graded
although a poor gradation was sometimes noticed. They originate mainly from the
Eocene Tripolis limestone, as is indicated by the presence of Nummulites sp,
Alvaeolina sp, and partly from the Upper Cretaceous limestone of the Pindos zone
(Globotruncana sp). No fossils were found in the matrix.
This type of development of the flysch, i.e. with olistoliths and
conglomerates, usually underlies the 'tectonic block' formation which is of
exclusively tectonic origin and was formed during the final stage of the overthrust
of the Pindic nappe. The stratigraphical columns in the Lousios-Stemnitsa area and
around the village of Marmaria are given in Figure 3.4.
It was only possible to make a rough estimate of the thickness of the flysch.
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Fig. 3.4 Schematic stratigraphical columns in the Lousios-Stemnitsa area (A) .'






for the area between Mallota and Vangos. This variation in thickness could be due
to tangential tectonic movements, such as upthrusts and overturned to recumbent
folds but is more likely to be sedimentary in origin (details are given in Section
4.2.2).
'TECTONIC BLOCK' FORMATION3.3
3.3.1 Introduction - Peloponnese
Below the Pindic nappe there usually occurs a formation of tectonic or, as
more commonly described, of tectono-sedimentary genesis developed during the
last overthrust stages of the Pindos zone.
Most investigators do not consider it as an individual unit and usually refer to
it as the upper part of the flysch of the Tripolis zone which~ in these cases, is
described as a 'wild' flysch. Lekkas (1978) who studied part of the central
Peloponnese and also Georgoulis (1983), who studied the area next to the
Megalopolis basin, showed that, above the lower part of the flysch, which consists
of alternating beds of sandstones and pelites-siltstones, there lies a 'wild' flysch,
known by Lekkas as the 'Palaeochora unit'. This unit includes, i.n the pelitic-
sandstone sequence of the flysch, blocks of limestones of the Tripolis and Pindos
zo~es, fragments of volcanic rocks and also polymictic conglomerate intercalations
of various thickness. De Wever (1976) described how, in the .north-eastern
Peloponnese, a formation with olistoliths and termed by him the 'formation a blocs'
always underlies the Pindic nappe and tectonically overlies the Tripolis zone flysch.
Dercourt and his colleagues (1978), who mapped areas of the northern
Peloponnese (1972-75) described the presence of the 'formation a blocs' occurring
between the Tripolis zone and the Pindos nappe and showed it to consist
predominantly of limestone olistoliths (100-1000m) from both the zones and also of
bodies of volcanic rocks (e.g. diabase) in a pelitic-sandstone matrix. They
considered it to be atectono-sedimentary complex (melange).
Katsikatsos (1980) also distinguished a 'silty-sandy horizon with olistoliths'
--.
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which discordantly overlies the upper part of the Tripolis zone flysch in the
southern Peloponnese and which consists of alternating siltstones, mudstones and
also fine-grained sandstones without a distinct bedding structure. It includes
blocks of rocks ranging from a few metres to 100m mainly of limestone from both
the Tripolis and the Pindos zones.
The particular environment obtaining at the time of transportation of the
Pindos nappe over the Tripolis zone (i.e. marine or terrestrial) is largely responsible
for the tectono-sedimentary or tectonic character attributed to this formation.
Katsikatsos (1980) stated: "The 'advance' of the Pindos tectonic nappe to the
western border of the Tripolis zone was made in a marine environment with a
contemporaneous intensive folding of the flysch. The result was the deposition of
the silty-sandy horizon with olistoliths lying discordantly on the upper part of the
Tripolis zone flysch".
The term 'wild' flysch, used by most writers to describe the formation
consisting of sandstone and shale flysch sediments including mainly limestone
blocks (predominantly those originating from the Tripolis zone in the lower upper
part of the flysch and from the Pindos zone in the upper) and monomictic or
polymictic conglomerates is a term which, in my opinion should not be limited only
to the upper part of the flysch for, although the supply of blocks and other clastic
fragments of various sizes to the flysch basin was generally more intensive during
the last stages of the overthrust, due to the fact that the front of the Pindic nappe
drew nearer to the flysch sea of the Tripolis zone and a relative tectonic instability
also occurred in the zone, the supply of blocks and pebbles fro.m the Tripolis zone
limestones was, in places, continuous during the whole stage of the sedimentation
of the flysch.
Furthermore, the tectono-sedimentary formati0!1 or the 'formation a blocs' is
generally described as combining the upper part of the 'wild' flysch and a tectonic
unit underlying the Pindic nappe, formed during the last stages of the overthrust of
the Pindos zone.
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The total thickness of the flysch, including these units, is between 0 and
280m according to Georgoulis (1983), while Katsikatsos (1980) gives a thickness to
his 'silty-sandy horizon with olistoliths' of between 0 and 300m.
This formation is considered by Dercourt et a1. (1978) to have developed prior
to and contemporaneously with the thrust of the Pindic nappe, while Katsikatsos
(1980) attributes a Lower Oligocene - Lower Miocene age to it.
3.3.2 Megalopolis Area
The 'tectonic block' formation of clear tectonic genesis, occurring at the base
of the Pindic nappe, was isolated and described as an individual unit in the study
area. It was formed during the last stages of the overthrust process of the Pindos
zone, after the end of the sedimentation of the flysch of the Tripolis zone and
consists of a tectonic melange of elements of the Tripolis zone limestone and
flysch, including the 'wild' flysch unit, and of the base of the Pindic nappe.
This formation follows the base of the Pindic nappe, as a zone of varying
width (Plate 8a). It is a tectonic melange composed of elements of both the
Tripolis and the Pindos zones and consists of:
(1) Flysch sediments of the Tripolis zone, tectonically disturbed sandstones and
clays.
(2) Elements from those facies of the flysch of the Tripolis zone, described by
some geologists as the 'wild' flysch and which include, especially in its upper
part of the flysch, blocks of limestones, polymictic conglomerates and
limestone breccia of turbiditic origin.
(3) Limestone blocks of various sizes" usually from the upper part of the
carbonate sequence of the Tripolis zone (Plate 8b). They were swept away by
the Pindic nappe from the horsts of the Tripolis zone which were emergent
during that time. These blocks of limestone can sometimes be as large as
500m, as can be seen in the area north-west and north-east of Stemnitsa.
(4) Rocks of the Pindos zone, such as sediments of the first flysch like
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Plate 8a: a) Carbonate rocks of the Tripolis zone, b) 'tectonic block' formation
and c) Upper Cretaceous limestones of the Pindic nappe. Road to Stemnitsa,
approximately 500m SE of the village.
Plate 8b: a) Block of the carbonate rocks of the Tripolis zone within the
'tectonic block' formation and b) Upper Cretaceous limestones of the Pindic
nappe. Approximately 2km NE of Stemnitsa.
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sandstones, radiolarites, micro-breccias and also blocks of volcanic rocks,
blocks from the Upper Cretaceous limestones and, to a lesser extent, blocks
from the beds transitional to the flysch.
Georgoulis (1983) described a 'breccia-limestones' unit of limited occurrence,
consisting of turbidites with clasts of neritic limestones alternating with pelagic
micritic limestones. It is tectonically wedged between the Pindic nappe and the
Tripolis 'wild' flysch. This is probably part of the 'tectonic block' formation
described in (4) above.
The tectonic boundary between this formation and the underlying upper part
of the flysch, which also locally includes olistoliths and conglomerates, is not very
distinct, as the uppermost part of the latter is strongly disturbed.
The Pindic nappe is overthrust onto different formations of the Tripolis zone.
Thus, it is found to overlie limestones of Cretaceous age in the Lykochia area and
of Palaeocene-Eocene age in the Psari-Syrna area and, of course, the flysch, as in
the area between the villages of Vangos and Marmaria.
There are two possible ways of explaining this:
CO The formations younger than those formations of the Tripolis zone which at
present underlie the Pindic nappe, were eroded before the nappe was
overthrust.
(ij) The formations younger than those at present underlying the Pindic nappe
were 'shaved' and expelled by the Pindic nappe during its movement forwards.
Although both postulations are viable for different places, the former is
considered more possible for most of them, given the block-faulting tectonism of
the Tripolis zone during the Eocene and also the weathering signs (e.g. limonitic
crust) observed on the limestone surface of the carbonate rocks of the Tripolis
zone in several places (e.g. between the villages of Stemnitsa and Lykochia).
When studying a similar comparable formation in an area where the Pindic
nappe overlies the Jurassic limestones of the Tripolis zone, Lekkas (1978) came to
the conclusion that the thin formation consisting of flysch sediments, blocks of
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limestones and polymictic conglomerates corresponds to the 'Palaeochora unitt of
the flysch which here has been unconformably deposited on the Jurassic limestone
with the Pindic nappe overthrust on it.
The thickness of this formation locally exceeds 200m, as in the area north-
west of Stemnitsa. Its thickness is generally between 5 and 20m but it often
diminishes to nothing, sometimes over appreciable distances, as' to the north of
Syrna.
Along great distances the limestones of the Pindic nappe are almost directly







Fig. 3.5 Schematic geological cross-section approximately 700m south-east of
.Stemnitsa.
This is very important from a hydrogeological point of view for, even" though this
formation is in itself impermeable, its general thinness and especially its total
absence, bring two aquifers into hydrological continuity and permit groundwater
-"
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The Pindos zone, which occupies quite large areas of the Peloponnese, is
always to be found overthrust onto the Tripolis zone.
In the western Peloponnese, this zone, made up of formations from the Upper
Triassic to the Eocene, occurs in the form of thrust-slices, while in the central-
eastern part, it consists of a single nappe built up mainly from Upper Cretaceous
limestones and other younger formations.
These differences in structure and stratigraphy can be observed in the
Megalopolis basin study area where, on the eastern side of the basin, the Pindos
zone is represented only by the Upper Cretaceous limestones which overlie the
Tripolis zone while, on the western side, a structure of dislodged slices is present
and formations such as the 'first flysch', the Upper Cretaceous limestones and the
transitional beds to the flysch of the Pindos zone occur•.
The Pindos zone consists of radiolarites, carbonates and clastic sediments
deposited in a trough. Sedimentation was continuous from the Upper Triassic to




(1) Triassic formations, with clastic and carbonate sediments such as sandstones
and pelites with limestone intercalations.
(2) Jurassic-Lower Cretaceous formations, the lower part consisting of
limestones with bands of cherts and pelites, while the 'middle-upper parts are
of radiolarites with marls, pelites, sandstones and limestones.
(3) The first flysch of Lower Cretaceous-Cenomanian age, consisting mainly of
clastic sediments such as sandstones, pelites and marls.
(4) The Upper Cretaceous limestones of Turonian/Coniasian-Maestrichtian age,
--.
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consisting of micritic, thin to medium-bedded limestones with rare
intercalations of pelites and with lenses of chert.
(5) The flysch sediments of Upper Maestrichtian/Lower Palaeocene-Eocene age,
consisting mainly of sandstones, marls and shales.
A brief report of the whole stratigraphy of the Pindos zone based on
published accounts is given below, while the formations occurring in the study area,
such as the upper part of the 'first flysch', the Upper Cretaceous limestones and
part of the transitional beds to the flysch, are described in detail later in this
chapter.
3.4.2 Triassic Formations (Peloponnese)
Only formations of Middle (?) - Upper Triassic age are known on the
Peloponnese. They occur at the base of the thrust slices of the Pindic nappe in the
western part of the Peloponnese and are always of small extent.
In the northern Peloponnese, they consist of limestones with cherty-clay beds
and intercalations of marls (Dercourt, 1964; Tsoflias, 1970) while, in the northern-
central areas, they are of sandstones and pelites, alternating with marly-limestones
and limestones (Dercourt et a1., 1973). . In the south-western part of the
Peloponnese, they consist mainly of clastic sediments, such as sandstones, marly-
sandstone with intercalations of limestones and cherts and also beds· of
conglomerates of terrestrial origin in their upper part (Lalechos, 1974; Katsikatsos,
1980).
Some French investigators (e.g. Dercourt et al., 1973) consider this formation
to be a 'Triassic flysch' because of the sequence of alternating clastic sediments.
They include fauna characteristic of the Triassic period, such as Halobiae,
conodonts and filaments (trace fossils) and they have an average thickness of about
150m.
3.4.3. The Jurassic - Lower Cretaceous (?) Formations (Peloponnese)
These consist mainly of radiolarites, limestones and clastic sediments but are
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generally known as the radiolaritic series. They vary in composition throughout the
Peloponnese.
Their lower part, which is of Lower - Middle Jurassic age, consists of thin-
bedded pelagic limestones alternating with green pelites and red jaspers in the
northern Peloponnese (Dercourt, 1964) or of limestones with intercalations of
cherts, dolomites and volcanic rocks, mainly tuffs, in the south-western
Peloponnese (Fytrolakis, 1971) or micritic limestones with intercalations of cherts
and siltstones in the western Peloponnese (Katsikatsos, 1980). '
Their middle-upper parts consist of radiolarites with cherty-pelites passing
upwards to the sandstone-pelite beds of the Middle Cretaceous (Dercourt, 1984) or,
alternatively, of pure radiolarites which develop upwards to radiolarites alternating
with limestones or with intercalations of sandstones or limestone-breccia layers
and which pass into red marls with intercalations of limestones and sandstones
(Lalechos, 1974). The latter concludes that the radiolarites dominate in the
eastern part and the sandstones in the western part of the Peloponnese.
The radiolarites usually show. a high content of manganese minerals and,
locally, small workable deposits have developed secondarily.
Diagnostic fossils such as Orbitolina and Macroporella are only found in the
"limestone beds, while radiolaria obviously dominate in the radiolarites.
The total thickness of the Jurassic-Lower Cretaceous formations varies
locally, being 'about 350m in the northern Peloponnese (Dercourt, 1964), 150m in





The 'First Flysch' Sediments: Lower Cretaceous-Cenomanian/Turonian
Introduction - Peloponnese
This series of sediments, which occurs above the Jurassic - Lower Cretaceous




The series consists mainly of clastic sediments such as sandstones, pelites,
sandy marls, marls, micro-breccia limestones, limestones and cherts.
A description of a typical succession of the 'first flysch' in the central-
western Peloponnese (Andritsena) is given by Maillot (1970). He divided it into five
horizons:
(1) 40m of red pelites with radiolaria with intercalations of beds of micro-
breccia and limestone of Albian age.
(2) 20m of pelitic layers with gradually increasing beds of thinly-bedded
sandstones. The flysch character of the formation starts to appear at this
horizon.
(3) 70m of thick-bedded sandstones, alternating with fine beds of pelitic layers
of Upper or post Cenomanian age.
(4) 15m of alternating limy-pelitic beds with abundant layers of micro-breccia
and lenses of cherts.
(5) 20m of micro-breccia limestone and thin beds of sandstones of Upper
Turonian - Lower Cenomanian age which pass conformably into the slabby
limestones of the Upper Cretaceous.
Dercourt (1964), described the first flysch in the northern Peloponnese as
consisting from the base upwards of:
(1) about 20m of red pelitic beds
(2) 5-30m of red pelitic beds with intercalations of sandstones
(3) 5-10m micro-breccia limestones and sandstone beds.
The fauna found in these layers showed them to date from the Cenomanian or post
Cenomanian eras.
Tsoflias (1969) described the first flysch in the 'southern Peloponnese as
consisting of sandstones, red breccia limestones and clayey-marly beds. The
thickness here is about 40m and the age is Turonian-Coniasian.
Fytrolakis (1971) claimed that the sediments of the first flysch were not
deposited in the south-western Peloponnese and that the radiolaritic series
58
gradually passes to the Upper Cretaceous limestones.
Lalechos (1974), who studied the west-central Peloponnese, concluded that
the first flysch in this area consisted in its lower part, of breccia-limestones
alternating with red marls and green, green-brown sandstones and, in its upper
part, of green-brown, fine to medium-grained sandstones, alternating with marls
and micro-breccia or marly limestones.
Katsikatsos (1980) described the first flysch in the south-western Pelopohnese
and divided it into two parts:
(1) a sandstone part with sparse intercalations of siltstones and sandy
microbioclastic limestones of a thickness from 0 to 250m
(2) a transitional upper part passing to the Upper Cretaceous limestones and
consisting of alternating clastic and deep sea sediments of a thickness of 5-
30m.
Graded bedding is present in the sandstone beds with a decrease in grain size
towards the west.
The age of deposition of the 'first flysch' varies widely. Generally, the Lower
Cretaceous (Barremian-Albian) are regarded as the period when sedimentation
began, while the end of deposition is seen as having taken place during the Upper
Cretaceous (Cenomanian-Turonian or even Coniasian).
The thickness of the 'first flysch', which generally increases eastwards, also
varies greatly from 0 - 250m.
The clastic sediments deposited in the Pindos deep sea were derived from the
Pelagonian internal zone which had emerged during the Lower Cretaceous
(Barremian-Albian) and had been exposed to erosion.
The upper part, the transitional beds, which consists of alternating beds of
marls, sandstones, limestones and micro-breccia layers, passes upwards to the
Upper Cretaceous limestones.
3.4.4.2 Megalopolis Area
Only the upper part of the first flysch sequence, which is the oldest and
--.
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formation of the Pindos zone, is generally found to occur in the area. It outcrops,
mainly as narrow repeated bands, on the north-western side of the basin, or as
variable patterns on the western side of the basin where it is locally widespread, as
around Lycosoura, between Lycosoura and Lykaeon, around Kastanochori and also
to the west of Kourounios. It underlies the base of the Upper Cretaceous
limestones and is overthrust onto the Upper Cretaceous limestones or onto the
transitional beds from the Upper Cretaceous limestones to the flysch. This results
from the thrust-slice structure dominating in the western and north-western sides
of the basin.
A complete sequence of the first flysch cannot be determined in the study
area as, generally, only its upper parts are present and also due to the absence of
fossiliferous horizons within it.
The lower beds of the first flysch sequence present in the area were observed
around the village of Lycosoura, below the typical sandstones of the first flysch.
They could constitute the base of the first flysch, or even the upper part of the
lower stratigraphical unit of probable Upper Jurassic age, but because of their
restricted occurrences and their unclear stratigraphical situation, they were
included in the first flysch formation in this study.
They consist of alternating thin beds of reddish, greenish-brown cherts,
pelites (usually cherty) and brown fine-grained sandstones (Plate 9a). Locally,
reddish cherty clays predominate, while elsewhere there are alternations of reddish
chert and cherty clays, the sandstones being absent.
Small occurrences of thin to medium-bedded pure radiolarites with rare thin
intercalations of clay were also noticed within the lower part of the first flysch as,
for example, along the road from Lycosoura to Lykaeon, 300m north of the village
of Lykosoura (see Plate 9b) and also 400m south, south-west of the village of
Kastanochori.
The typical first flysch in the study area is of poorly-bedded to massive
sandstones with rare intercalations of pelites or micro-breccia layers.
-.
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Plate 9a: Thinly-bedded alternations of reddish and greenish-brown cherts,
shales and fine-grained sandstones in the lower part of the first flysch. Road to
Lykosoura, approximately 800m east of the village.
Plate 9b: Thin to medium-bedded, reddish radiolarites within the lower part of
the first flysch. Lykosoura to Lykaeon road, about 300m north of Lykosoura.
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The sandstones are generally brown to greenish-brown, compact, fine to
medium-grained and polygenetic with fragments of quartz, mica, feldspar, chlorite,
cherty rocks, basic igneous rocks, limestone and recrystallised fragments of fossils
with calcite in a siliceous or clay matrix.
The sandstones of the first flysch pass into the overlying Upper Cretaceous
limestones, usually via a series of transitional beds, although the contact between
the first flysch and the Upper Cretaceous limestones is generally tectonically
disturbed, due to the thrust of the zone (Plates lOa and lOb).
The upper parts of the flysch, and especially the transitional beds leading to
the Upper Cretaceous limestones, differ from area to area both in lithology and
thickness noted (see Legends of Figs. 3.6 to 3.9).
They generally consist of alternating beds of brown or greenish fine-grained
sandstones, red and brown marls or pelites (usually cherty), reddish micro-breccia
or microclastic limestones, cherts and bioclastic or micritic limestones. As a rule,
the amount of clastic material diminishes upwards in the succession.
The reddish micro-breccia-microclastic limestone intercalations are very
characteristic horizons within the transitional beds. They consist of small
fragments of red radiolarites, micritic limestones, usually fossiliferous, basic
igneous rocks, grains of quartz and also whole fossils or fragments of fossils such as
small planktonic foraminifera, radiolaria, lamellibranchs, rudists, echinoderms and
corals, usually within a micritic calcite matrix.
The following microfauna were determined in samples taken from the
microclastic-micritic limestone intercalations: Aeolisaccus kotori, Pithonella
ovalis, Thaumatoporella parvovesiculifera, Moncharmontia appenninica,
Heterohelicidae, Hedbergellinae, Globotruncanidae, Miliolidae, radiolaria,
fragments of rudists, ostracods and sponges. These show a Turonian age.
The following microfossils were determined in the micro-breccia and
microclastic limestone intercalations: Orbitolina sp, Bacinella irregularis,
'Valvulimina' picardi, Aeolisaccus kotori, Thaumatoporella parvovesiculifera, small
-.
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Plate lOa: Undisturbed transition from the alternations of reddish radiolarites
and shales of the first flysch to the Upper Cretaceous limestones. Midway along





Minor thrust contact between the transitional beds of greenish
shales and cherts of the first flysch and the Upper Cretaceous
Karytena to Kotylion road, about 1.5km SW of the Karytena bridge.
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Textularidae, .Miliolidae, fragments of rudists, lamellibranchs, corals, algae and
sponges. These indicate a Cenomanian-Turonian age.
The thickness of the transitional beds is between 20 and 30m but often
diminishes to a few metres so, frequently, instead of the presence of alternating
beds, the greenish-brown sandstones pass into the Upper Cretaceous limestones
with only I-2m of reddish or brown marls or red cherty pelites with intercalations
of red cherts.
Small bodies of basic igneous rocks, such as spilites and diabases, are found
within the first flysch in the area east of the village of Lycosoura, between
Lycosoura and Kastanochori and to the west of the village of Palaeochori, in the
north-western part of the area. They fell into the basin of deposition of the first
flysch in the form of olistoliths and they occur, in part, as conglomerates as found
on the road from Megalopolis to the village of Lycosoura.
The clastic material of the first flysch was derived from areas situated east
of the marine furrow of Pindos and especially from areas of the Pelagonian zone,
which was emerging during the pre-Cenomanian (Albian-Aptian) transgressive
period by gradual movements of these materials from east to west through the
channels of the Parnassos zone.
According to Katsikatsos (1980), the transportation of the clastic material of
the first flysch took place in two phases. During the first phase, material. was
transported by rivers from the original sources to the littoral regions where it
mixed with the bioclastic materials. During the second phase, the mixed materials
were transported, by turbidity currents, before their diagenesis, into the relatively
deep Pindos sea, where deposition of fine-grained carbonate sediments was taking
place, producing a lime matrix.
There follows next the description of a few characteristic occurrences of the









1. Transitional beds to the flysch from the Upper Cretaceous limestones,
consisting mainly of reddish and brown-yellow marly limestones.
2. 40m of thick to medium-bedded, brown or greenish tine-grained sandstones.
Thin intercalations of red radiolarites occur in their upper part.
3. 7m of thinly-bedded red radiolarites with thin intercalations of cherty pelites
or alternations of thinly-bedded radiolarites and limestones.
4. O.2-0.5m of polygenetic micro-breccia-microclastic limestone, consisting of
micro-breccia of red radiolarites, cherty rock, fossiliferous (Globotruncana,
Miliolidae) micritic limestones and fragments of fossils such as Orbitolinidae,
lamellibranch and rudists. The age of these beds is Cenomanian-Turonian.
5. 5m of alternating thin beds (2-5cm) of red radiolarites with many radiolaria
and reddish, usually cherty pelites or, more rarely, sandy marls.
6. Slabby bright-pinkish micritic limestones of the Upper Cretaceous with thin
intercalations or lenses of red cherts becoming rarer upwards.
Fig. 3.7 Schematic geological cross-section.






1. Green to brown, fine-grained sandstones of the first flysch, unbedded to
medium-bedded in the upper parts.
2. 3m of brown marly sandstones and marls.
3. 8m of medium-bedded fine-grained green sandstones alternating with thinly-
bedded cherts.
4. 1m of alternations of micro-breccia limestones and cherty pelites. The
micro-breccia limestones· consist of fragments of radiolarites, grains of
quartz, flakes of mica, fragments of basic igneous rocks and also
recrystallised fossils in a micritic lime matrix.
5. 6m of· alternating beds of thinly-bedded, fine-grained, brown sandstones and
red marls, pelites and cherts.
6. 10m of bright-pinkish-coloured, thinly-bedded limestones with intercalations
of microclastic limestones.
7. Brightly-coloured thin to medium-bedded micritic limestones with rare layers








1. Massive, brown, fine to medium-grained sandstones of the first flysch.
2 & 4. Total of lO-15m of thinly-bedded red cherts, alternating with reddish usually
cherty pelites, brown sandy marls and sandstones.
3. O.2-0.4m of intercalations of micro-breccia-microclastic limestone,
polygenetic with grains of quartz, fragments of red radiolarites,
fossiliferous limestones containing Orbitolina sp, Cuneolina sp and
Valvulimina sp and fragments of fossils such as lamellibranch, echinoderms,
corals and Miloilidae. Possibly pre-Cenomanian.
5. 5-Bm alternating thin beds of bright pink, micritic limestones with reddish
cherts, making up the base of the Upper Cretaceous limestones.
6. Micritic, brightly-coloured Upper Cretaceous limestones with rare inter-
calations or lenses of red cherts in their lower part.
Fig. 3.9 Schematic geological cross-section.






1. Massive, brown, fine to medium-grained sandstones of the first flysch.
2. 2m of alternating beds of red pelites, sandy and marly limestones and red or
greenish cherts.
3. Thinly-bedded, brightly-coloured, micritic limestones with intercalations or
lenses of red cherts and intercalations of microclastic limestones in their
lower part.
3.4.5 Upper Cretaceous limestones: Turonian-Maestrichtian
3.4.5.1 Introduction - Peloponnese
The Upper Cretaceous limestones are the most common geological formation
of the Pindos zone in the Peloponnese. They are usually slabby, brightly-coloured,
micritic limestones with frequent intercalations of red or yellow marly-clay beds
and often they contain lenses or layers· of cherts, especially in their lower and
upper parts.
Kiskyras (1938) distinguished four horizons which are, from the base upwards:
(i) white to pink-coloured limestones with intercalations of dark
limestones with Globotruncana sp.
(in white and pink limestones with Globotruncana' stuarti .and
Globotruncana innei.
(iii) grey limestones with intercalations of dark-coloured cherts with
Globotruncana stuarti.
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(iv) grey to dark limestones with Globigerina sp•
.
Tsoflias (1969) described the Upper Cretaceous limestones of the north-
western Peloponnese as lithographic, slabby limestones with frequent chert layers
or lenses at the base and micro-breccia limestone intercalations in the middle to
upper parts.
Katsikatsos (1980) described them as pelagic, bioclastic limestones. with
intercalations of microclastic limestones of a thickness of more than 400m.
Dercourt (1964) showed that in the central part of the Pindos zone, pure
pelagic limestones of a thickness of about 400m were deposited while, at its
margins, the pelagic limestones intercalate with micro-breccia limestones, the
clastic sediments of which originate from the submarine ridges of the Parnassos
and Tripolis zones and have a thickness of about 700-1000m.
The asymmetry of deposition of the Upper Cretaceous limestones into the
Pindos sea, both in terms of thickness and lithology, has also been pointed out by
Aubouin (1959), Tsoflias (1969) and Lalech~s (1974).
According to these investigators, the precise age of the deposition varies
slightly depending on the area and ranges from Cenomanian to Santonian. Renz
(1955) postulated that the deposition of the Upper Cretaceous limestones started
during the Cenomanian. Dercourt (1964) and Lalechos (1974) suggested the
Turonian, while Katsikatsos stated, in 1969, that it started in the Turonian,
although, in 1980, he suggested that it may in fact have started during the
Santonian. Their sedimentation is, however, generally agreed to have lasted up to
the Maestrichtian.
3.4.5.2 Megalopolis Area
Quite large areas of the study area are covered by the Upper Cretaceous
limestones. They are found to form a single nappe overthrust onto the flysch
sediments of the Tripolis zone in the south-eastern part of the area or directly onto
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the limestone of this zone to the north of the Megalopolis basin where they have
their greatest extent. On the western and north-western sides of the basin, they
develop as occurrences of variable pattern participating in the thrust-slice
structure of the Pindos zone. Generally, these limestones stand out
topographically on the western, north-western and eastern sides of the Megalopolis
basin, as they exhibit greater resistance to erosion than do the first flysch of the
Pindos zone or the flysch of the Tripolis zone.
The Upper Cretaceous limestones are developed on the first flysch sediments
with a series of transitional beds but the contact between these two formations is,
generally, tectonically disturbed, with a relative thrust movement of the
limestones towards the first flysch in a general E-W direction.
These limestones are brightly-coloured white, yellowish white, greyish-white,
pink, generally thin to medium-bedded, although locally, especially in their middle
parts, they can even be thick-bedded, micritic, even sometimes finely crystalline
and of pelagic facies in which many generally small veins, filled with white,
. '
medium to coarsely crystalline calcite, are present (Plate lla). Macrofossils were
not observed, although small planktonic foraminifera can be distinguished.
In the Upper Cretaceous limestones, and especially in their middle-upper
parts, thinly-bedded reddish or brown to yellow pelites and clay-marly
intercalations occur. Intercalations of microclastic limestones are also found in
the upper parts of the limestones. Thin layers or lenses of reddish-pink and
sometimes dark-coloured cherts often occur in the lower parts of the limestone
while, in their upper parts, thin intercalations or lenses of black cherts are found.
Microscopical study of about 150 thin-sections has shown that the Upper
Cretaceous limestones can be classified, according to recent classification (Folk
1959), into the following main categories:
.
i) Dis4tmicrites: These consist of micritic matrix, partly recrystallised in
. -
places, usually cut by vein systems. Stylolites are very common, while flakes
of mica and a 'bird's eye' structure are also present. Some of them are
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stained by Fe-oxides.
ii) Intramicrites: Silt- to sand-size limeclasts are observed in the micritic
matrix. The intraclasts vary from being rounded to subangular or even
elongated. In the majority of samples, systems of thin parallel veins partly
filled by micro- to macro-crystalline calcite and partly by red Fe-oxides
occur.
iii) Fossiliferous micrites: Sparse fossils, mainly planktonic foraminifera were
observed in the micritic matrix (lime mud); veins and stylolites are also
present.
iv) Biomicrites (mainly foraminifera biomicrites): The fossils, which are
packed into a few layers, are mainly foraminifera (e.g. Globigerina,
Globorotalia), while the presence of radiolaria in several samples is
sufficiently abundant for the samples to be classified as radiolarian
biomicrites. Crystals of dolomite and, rarely, of quartz are also present.
Locally, between Karytena and Kourounios, such as on the road north west of
Kourounios, a breccia horizon of a thickness of 3-Bm can be observed, embedded
within the lower part of the Upper Cretaceous limestones (Fig.3.10). The upper
part of the underlying beds consists of thinly-bedded alternations of bright-
coloured or pinky-reddish limestones, reddish pelites and red or dark-coloured
cherts. These beds are not at all disturbed. The overlying beds consist of thin to
medium-bedded bright-coloured pinkish micritic limestones with intercalations of
dark-coloured or red cherts.
These breccia horizons consist mainly of red or dark-coloured cherts and
smaller amounts of limestone breccia in a grey lime or reddish pelite matrix. The
breccias are generally coarse-grained, ranging in size between 0.2 and 40cms. They
are unsorted, unorientated and chaotic (Plate llb). They originate from the lower
part of the Upper Cretaceous limestones and exhibit a very small degree of
roundness, which indicates that they have undergone only a small degree of
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Plate 11a: Thinly-bedded, strongly folded Upper Cretaceous limestones of the
Pindos zone. Midway along the road between Karytena and the bridge over the
Lousios river.
Plate 11b: Intraformational breccia horizon within the lower part of the Upper
Cretaceous limestones. The fragments are mainly cherts with some limestone,




This intra-formational horizon within the Upper Cretaceous limestones must
be associated with vertical tectonic movements during the faulting stage within
the palaeogeographical area in the lower Upper Cretaceous which resulted in the
formation of submarine detritus on the downthrow side of the fault which, with the
contemporaneous pelagic sedimentation. of ,lime mud or petites, led to the
formation of this breccia horizon. In samples taken from this breccia formation, a
rich fauna of fossils was identified in the matrix: Aeolisaccus kotori,
Globotruncana gr. hagni-primitiva, Pithonella ovatis, Stomiosphaera sphaerica,
Heterohelicidae, Herbergellinae, Mili01idae and also fragments of unidentified
fossils. These. determine a Turonian-Coniacian time of formation for this breccia
horizon.
Many species of micro-fossils, mainly planktonic foraminifera, were
identified in the thin-sections of the samples taken from the Upper Cretaceous
limestones. The presence of these fossils reveals that sedimentation took place
between the Turonian and Maestrichtian span of the Upper Cretaceous.
In a sample taken a few metres above the base of the Upper Cretaceous
limestones on the road from Karytena to Lousios at a spot 1.5km from Karyten~,
the following fossils were identified: Minouxia lobata, Pithonella ovalis,
Globotruncana helvetica, Globotruncana, gr. hagni-primitiva, Heterohelicidae,
Rotaliidae and Miliolidae and these assign the commencement of sedimentation to
the Turonian.
In other samples taken from the base or close to the base of the Upper
Cretaceous limestones, were found: Globotruncana gr. hagni-primitiva, Aeolisaccus
kotori, Thaumatoporella parvovesiculifera, Stomiosphaera sphaerica,
Moncharmontia appenninica, Praeglobotruncana sp, Nezzazata sp and also small
planktonic foraminifera such as Pithonella ovalis, Heterohelicidae, Hedbergellinac,
Rotaliidae, Miliolidae, Textularidae and in addition, fragments of ostracods and
sponges which determine their. age as Turonian-Coniacian.
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The fossils found in the breccia-horizon, occurring 50-60m above the base of
the Upper Cretaceous limestones, also give a Turonian-Coniacian age.
In samples taken from the middle upper parts of the Upper Cretaceous
limestones, the following fossils were identified: Globotruncana coronata,
Globotruncana lapparenti, Globotruncana subspinosa and radiolaria which give a
Santonian-Coniasian age, while in others Globotruncana stuarti, Globotruncana
stuartiformis, Heterohelicidae and Hedbergellinae were found, showing a
Campanian-Maestrichtian age.
Finally, in samples taken from the upper part of the Upper Cretaceous
limestones (underneath the bridge over the Alfios river close to Karytena) the
fossils Globotruncana gr. stuarti-conica, Globotruncana area, Pseudo textularia cf.
varians and also Hedbergellinae were identified and these show that the end of the
sedimentation of the Upper Cretaceous limestones coincided with the
Maestrichtian.
There follows below a description of a characteristic occurrence of the lower
part of the Upper Cretaceous limestones, north of the village of Kourounios.












1. Greenish-brown thickly-bedded to massive, fine-grained, polygenic (crystals
and grains of quartz, calcite, chlorite, mica and fragments of fossils with
calcite, siliceous or clay matrix) sandstones of the first flysch.
2. I-8m of transitional beds from the first flysch to the Upper 'Cretaceous
limestones of reddish-brown pelites and marls (western side of the cross-
section) or red cherts with reddish cherty clays (eastern side). The contact
with the overlying limestones is mostly tectonically disturbed.
3. 40-60m of thinly to medium-bedded, bright-coloured (white, yellowish-
white), micritic limestones, partly biogenetic or bioclastic, sometimes
locally recrystallised, with intercalations of cherts and, more rarely, of
microclastic limestones. In their lower part, on the eastern side of the
cross section, they are medium-bedded, often with intercalations or lenses
of red or dark-coloured cherts while, on the western side, their lower part
(JOm) consists of thinly-bedded alternations of limestones and red or dark-
coloured cherts. In samples taken close to the base of the limestones (to
the western side of the cross-section), a rich fauna of fossils was found.
They included: Aeolisaccus kotori, Moncharmontia apenninica,
Praeglobotruncana nezzazata, Pithonella ovalis, Thaumatoporella
parvovesiculifera, Miliolidae, Textularidae, radiolaria and also unidentified
planktonic forminifera, fragments from ostracods and sponges which show
these limestones to be of Turonian-Lower Senonian (Upper Cretaceous) age.
4. lO-15m of alternating thinly-bedded (2-5cm) bright-coloured limestones with
red or dark-coloured cherts and also reddish pelites. In the upper 2-4m of
this horizon, reddish and sometimes brown pelites are dominant. In samples
from the micritic limestone beds, fossils such as Pithonella ovalis,
Aeolisaccus sp, radiolaria and fragments of sponges were identified, which
determine a Turonian-Lower Senonian age.
5. 5-8m of a breccia horizon of mainly red or dark-coloured cherts breccia and a
few limestone breccia with grey lime or reddish clay matrix. The breccias
are generally coarse-grained (O.2-50cm), unsorted and chaotic and originate
from the lower parts of the Pindos zone Upper Cretaceous limestones. These
fragments show little or no rounding, indicating little transportation. In
samples taken from the matrix of the breccia-horizon, a rich fauna of
characteristic fossils was found, including Pithonella ovalis, Aeolisaccus
kotori, Globotruncana gr. hagni-primitiva, stomiosphaera sphaerica,
Heterohelicidae, Hedbergellinae and Miliolidae, which confirms a Turonian-
Coniacian age for the formation of this horizon.
6. 5m of thinly-bedded bright-coloured micritic limestones alternating with
reddish petites and brown marls. Thin beds of microclastic limestones also
occur.
7.. Thinly-bedded, bright-coloured limestones with rare layers of microclastic
limestones.
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3.4.6 The Flysch - Upper Maestrichtian/Palaeocene-Eocene
3.4.6.1 Introduction - Peloponnese
a) The transitional beds
The Upper Cretaceous limestones pass upwards into the flysch sediments
gradually with a series of transitional beds or, as Aubouin (1959) first called them,
'couches de passage au flysch'. These consist of slabby limestones, marly
limestones, marls and sandstones which are of Maestrichtian age in the eastern
part of the Pindos zone and of Palaeocene (Danian) age in the western part•
.Dercourt (1964) described these beds in the northern Peloponnese as
consisting of sandstones with intercalations of limestones and having a thickness of
50m. He believed them to be of Maestrichtian age.
Fytrolakis (1971) wrote that, in the south-western Peloponnese, they consist
of alternating layers of marls, black cherts, sandstones and slabby limestones.
They have a thickness of 30m and are of Maestrichtian age.
Katsikatsos (1980) showed them to consist of alternating beds of fine-grained
pelagic limestones, marls, clastic limestones, clastic sediments and chert of a
thickness of more than 200m and to be of Upper Maestrichtian to Lower
Palaeocene age. These transitional beds form the base on which the sediments of
the flysch have been deposited.
b) The fl ysch
The typical sediments of the flysch are mainly sandstone and marls or
siltstones. Beds of pelagic limestones and micro-breccia limestones often occur,
especially at the base, while thick intercalations of conglomerates are often found
in the upper parts. Tsoflias (1969) described the first flysch as a sequence of 200m
of pelagic limestones, marly sandstones, sandstones and breccia limestones,
overlying the upper Upper Cretaceous limestones.
Dercourt (1964) noticed the differences between the flysch in the eastern and
western parts of the Pindos zone. The eastern part consists mainly of sandstones
and marly sandstones, while the western part is of sandstones with
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intercalations of thinly-bedded limestones.
Fytrolakis (1971) wrote"that, in the lower parts of the flysch occurring in the
south-western Peloponnese, marls and sandstones predominate and that the upper
parts consist of bioclastic and marly limestones with layers of micro-breccia or
breccia-conglomerates with a marly matrix.
Most investigators believe the end of the sedimentation of the flysch to have
taken place during the Middle-Upper Eocene (Dercourt (1964), Lalechos (1974».
3.4.6.2 Megalopolis Area
Only small occurrences, usually of the lower part of the transitional beds, are
to be found on the western and north-western sides of the Megalopolis basin. They
generally occur as narrow zones making up the upper parts of a few of the
successive thrust-slices onto which sandstones of the first flysch are thrust. In a
few cases, as to the north-western side, they are 'sandwiched' between the Upper
Cretaceous limestones.
The boundary between the Upper Cretaceous limestones and the transitional
beds is not very clear, as the limestones become gradually richer in fine clastic
material, such as clay or fine-grained sand, until they pass to beds of clear clastic
origin.
A very characteristic horizon, easily distinguished in the field, consists of
beds (of O.S-Scm) of slabby brightly-coloured limestones and marly limestones
(usually bioclastic and locally microclastic) alternating with thin beds of black
cherts (Plate 12b). The clastic-bioclastic limestones were found to contain
fragments of cherty rock, basic igneous rocks, radiolarite, grains of garnet and also
fragments of fossils such as algae (Melobesioideae), bryozoa, echinoderms and
rudists). A rich fauna, forming in a few cases more than 50% of the rock, of
glassy-looking microfossils (Globigerina sp, Globorotalia sp) can be seen in the field
to be present in the limestone beds. This horizon was taken as the base of the
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Plate 12a: Transition beds from the Upper Cretaceous limestones to the flysch,
at the base of the flysch sequence of the Pindos zone Karytena to Adritsena
road, approximately 1km NW of the village of Kotylion.
Plate 12b: An overturned folded black chert band wi thin the beds transitional to
the flysch. Approximately 700m NE of the village of Kourounios.
78
transitional beds.
The transitional beds consist of an alternating sequence of beds (Plate 12a).
Towards the base, alternations of thinly-bedded, brightly-coloured limestones
(usually marly or even sandy, sometimes bioclastic or microclastic), with black
cherts, reddish or greenish-brown marls which are sometimes clayey or sandy are
dominant. Towards the top, marls, usually clayey or even sandy, and marly
limestones, usually bioclastic or clastic with intercalations of fine-grained
sandstones, are found. Generally, the amount of clastic materials increases
upwards. The thickness of these beds varies from area to area, ranging from a few
metres to more than 100m as, for example, to the north-west of the village of
Markos or to the west of the village of Mavria.
A rich fauna of micro-fossils, mainly planktonic foraminifera, was found in
thin-sections of these beds and the following species were identified: Globigerina
sp, Globorotalia sp, Melobesioideae, Meliolidae, Heterohelicidae, Rotaliidae and
also fragments of Anomalina sp, Discocyclina sp and fragments of echinoderms,
rudists and ostracods. These determine a Palaeocene (Danian) age.
In addition, fossils were found in the alternations of limestones and black
cherts within the micritic limestones. The following species of fossils were
identified: Globotruncana area, Globotruncana conica, Globotruncana stuarti, and
Globotruncana gr. stuarti-stuartiformis, which shows these limestones to be of
Upper Maestrichtian age.
Small occurrences of clastic beds consisting of brown, reddish or greenish
sandy marls and fine-grained sandstones constituting the base of the flysch were
only found in a few areas.
Two typical geological cross-sections, including the lower part of the
transitional beds to the flysch, are described below. The first one occurs 400m
south-west of the village of Mavria (Fig.3.ll) and the second one 100m west of the
village of Karytena (Fig.3.12).
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1. Upper part of the Upper Cretaceous limestones. Thinly-bedded in beds of 5-
25cm, bright-coloured, micritic limestones, often marly and locally bioclas-
tic or clastic with rare intercalations of black cherts.
2.' 15m of slabby, bright-coloured limestones, marly, or even sandy limestones
(in beds of 2 to 10 em) with intercalations of brown marls and black cherts
(in beds of 1-5cm).
3. 15m of alternating clayey-marly beds, marls, sandy marls and also intercala-
tions of mainly clastic limestones. They are brown or pink in colour and are
thinly-bedded (in beds of 2-15cm).
4. 5m of bioclastic limestones, thinly-bedded with fragments of fossils, chert
and calcite. The fossils Globigerina sp, Globorotalia sp, Melobesioideae,
Meliolidae, Rotalidae and also fragments of Discocyclina sp, Anomalina sp,
algae and echinoderms identified in thin-sections, date them as being of
Palaeocene (Danian) age.
5. 20m of alternating beds of greenish-brown marls and marly limestones.
6. 15m of yellowish-brown marls, clayey marls and thinly-bedded sandstones,
containing, clay and fragments of fossiliferous limestones, radiolarites,
fossils and grains of quartz.
The following are to be found thrust onto the above:
7. 20m of sandstones of the first flysch. They are brown-green, thickly-bedded
to unbedded and of fine to medium grain .size. They are polygenetic and
contain quartz, mica, chlorite, calcite, fragments of radiolarites and basic
igneous rocks within a lime or clay matrix.
8. 10m of red marls alternating with clay-cherts, red cherts and sandstones.
Their thickness increases laterally to 20m.
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9. 2m of alternating beds of red cherts and mostly microclastic limestones
with fragments of quartz, limestone, basic igneous rocks and also
macrofossils.
10. 25m of thinly-bedded, bright-pink, micritic limestones and pelitic limestones
with intercalations (in beds of 1-30cm) or lenses of 5-50cm of reddish
cherts.
11. Lower part of the Upper Cretaceous limestones. Thinly-bedded, micritic
limestones with rare intercalations or lenses of reddish cherts.
Fig. 3.12 Schematic geological cross-section west of Karytena.
E
LEGEND
1. Thinly-bedded white-coloured, micritic limestones with rare intercalations
of black cherts and marly beds.
2. 8m of slabby bright-coloured, micritic limestones, marly limestones (often
bioclastic and locally microclastic) in beds of 2-10cm, with frequent bands
of black cherts (1-8cm).
3. 5m of alternating beds of thinly-bedded, bright-coloured limestones, red-
brown marly limestones and brown marls.
4. 7m of alternating beds of greenish-brown or reddish marls, sandy marls and
also marly limestones.
5. 5m of alternating thin-beds of red marls and brown, fine-grained sandstones.
6. 4m of thinly-bedded foraminiferous, micritic limestones with a rich fauna of
(micro) fossils such as ,Globorotalia sp, Globigerina sp, Heterohelicidae,
Hedbergellinae, showing a Palaeocene age.
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Overthrust onto the above are to be found:
7. 1-2cm of thinly-bedded red cherts.
8. Slabby (5-15cm) bright-coloured or pinkish limestones with intercalations or
lenses of red cherts and micro-breccia limestones.




The tectonic basin of Megalopolis is filled with unconsolidated sediments of
Upper Pliocene to Holocene age (see geological map in the folder of Volume O.
The palaeogeographical and palaeoclimatological conditions during part of
the Pleistocene period were favourable for the formation of economically
important lignite deposits. These sediments have been thoroughly investigated by
the Greek Institute for Mineral and Geological Explorations (IGME) and also by the
German firm Otto Gold (1960-63) on behalf of the Electricity Board (DEH).
In the Gold Report (1963), Vinken and LUtting prOVided a detailed description
of the stratigraphy of the Megalopolis basin, based on detailed mapping of the basin
and its environs. Vinken (1965) also gave an account of the stratigraphy of the
Megalopolis basin. A brief summary of their stratigraphic setting and the main
findings is given below.
The Upper Pliocene, which accounts for a small part of the area, on the
eastern side of the basin, is divided into two stages:-
a) The Makrysion stage, which consists of marls with intercalations of thin
lignite seams (less than 1m).
b) The Trilofon stage, which consists predominantly of fluvial deposits, such as
gravels, sands and clays and also lacustrine sediments, marls and clays.
The Pleistocene, which covers much of the area, is divided into the following
three stages:
c) The Apiditsa stage. This consists of alternating beds of gravels, sands and
clays of fluvial origin 60-70m thick, deposited during the first cold-climate
82
period of the Pleistocene.
d) The Choremi stage. This is composed of:
i) The Marathousa beds, consisting of fluvial deposits (lower and marginal
areas) such as gravels, sands and clays and of limnic sediments such as
marls, clays, silts and sands containing three groups of lignite seams. They
were deposited during the first warm-climate period.
ii) The fluvial Megalopolis beds of the second cold-climate period, overlying
the fy1arathousa beds and consisting of gravels, sands, clays and silts.
Sedimentation in the Megalopolis basin came to an end with the deposition
of the Megalopolis beds and only river terraces were formed during the third and
fourth cold-climate periods. These terraces are respectively:
e) The Potamia stage - or Upper terrace - which lies 6-12m above the Elisson
river.
f) The Thoknia stage - or Middle terrace - which lies I-2m above the Elisson
river.
During the Holocene epoch, the Lower terrace was formed and the recent
formations deposited.
According to fossil evidence, there are no marine sediments in the
Megalopolis basin.
The same stratigraphic division, as given below, has been used in this study
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Sediments of the Upper Pliocene occur only at the eastern margin of the
basin and, to a smaller extent, in the central to northern part. The Upper Pliocene
sediments do not crop out in the northern, western and southern parts of the basin
where younger formations of the Lower Pleistocene age (Apiditsa stage) occur.
Here, as can be seen in exposures (e.g. north of Katsimbali), the Lower Pleistocene
formations rest directly on the bedrock. The Upper Pliocene formations have
either been eroded because of their elevation or were simply never deposited. In
the central part of the basin, the Upper Pliocene, when present, is deeply buried
and could not be reached even by drilling to a depth of approximately 200m.
3.5.2.1 Makrysion Stage
The oldest known sediments in the basin of Megalopolis are the marls of the
Upper Pliocene which are the typical sediments of the Makrysion stage.
They occur on the south-eastern margin of the basin around and to the south
of the village of Makrysion where, as a result of faulting displacement, they come
into faulted contact with the flysch of the Tripolis zone and the Upper Cretaceous
limestones of the Pindos zone (Plate 13a). They also occur occasionally in the
centre of the northern part of the basir; between Soulou and Katsimbali (see
geological map (1:25,000) in the folder).
The Makrysion stage formations consist ma'inly of marls of lacustrine origin.
Fresh marls are of grey to blue-grey colour but they are bright-yellow to yellow
when weathered.
Their content of fine.:.grained sand is generally very low, in contrast to that
of the clay and silt, which is often high. There are a few interbedded seams of
lignite of a thickness of some decimetres to one metre. Fragments of plant
remains are found in the marls.
The base of this formation was observed south-east of the village of
Anemodurion, to the south-east of the mapped area, and consists of slightly
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Plate 13a: Marls of the Makrysion stage in faulted contact with the flysch of th
Tripolis zone. After the first big bend on the Megalopolis to Tripolis road, on the
eastern side of the basin.
Plate l3b: Conglomerate at the base of the Makrysion stage, developed on the
Upper Cretaceous limestones. Megalopolis to Karytena road, by the village of
Soulou.
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cemented gravels with a sand and clay matrix. Here, the Makrysion stage Is
deposited on the flysch of the Tripolis zone. The boulders or pebbles are of
limestones, radiolarites and metamorphic rocks and are relatively well-rounded.
Their size decreases from the base upwards and ranges up to 40cm (Tsiftsis and
Trikolas, 1978). The base is also exposed in the area east of Soulou, where the
Makrysion stage is developed on the Upper Cretaceous limestones. It consists of 3
to 5m of conglomerate (Plate 13b). The boulders and pebbles are mainly of Upper
Cretaceous limestones of the Pindos zone but there are also sandstones and cherts.
The matrix is sand and clay. The size of the boulders varies up to O.4m but the
rock fragments are generally small in size and sub-rounded. It was not possible to
estimate the total thickness of the conglomerate horizon at this point, due to the
fact. that the transition to the marly beds could not be observed.
According to evidence provided by fossils (Gold Report, 1963), which are
locally abundant, the Makrysion stage was deposited in a freshwater lake during the
Upper Pliocene. Its thickness, found by means of drilling, is about 100m at
Makrysion and about 40-60m between Soulou and Katsimbali.
3.5.2.2 Triloto" Stage
The Trilofon stage formations only occur at the north-eastern margin of the
basin e.g as seen around Trilofon village and south-west of the village of Vangos.
West of the villages of Pavlia and Palamari, they are mostly covered by Holocene
detritus. They overlie the Upper Cretaceous limestone or the flysch of the Tripolis
zone. Eastwards, they come into faulted contact with the flysch of the Tripolis
zone and south-westwards, due to uplift, they are in contact with the younger
Lower Pleistocene formations.
According to its lithology and bedforms, the Trilofon stage comprises
sediments of lacustrine and fluvial origin. Their stratigraphic relationship are not
very clear.
The lacustrine facies sediments occur north-west of the village of Trilofon.
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They consist mainly of marls or marly-clay and clay beds with interbedded pebbly-
clay beds (or lenses) of a small thickness (O.3-1.5m). The sand content is relatively
high in the marly-clay and clay beds. The bedding is very well marked. The
pebbly-clay beds or lenses consist mainly of well-rounded limestone pebbles,
generally of a small size, and contain a high proportion of sand and clay matrix•.
The fluvial facies, which account for. the majority of the Trifolon stage
formations, are developed mainly on the eastern side of the outcrop. They consist
of alternating beds and lenses of varying thickness (up to 2m) of intermixed gravel,
sand and silts. Cross bedding is the typical bedform. Pebbles are mainly limestone
of the Tripolis zone but there are also sandstones and metamorphic rocks, rounded
or even sub-rounded, generally small in size and relatively poorly sorted in the
gravel beds. Eastwards, the size of the pebbles increases (up to O.4m) and the
degree of roundness diminishes.
A direct comparative study between the Trilofon and Makrysion stages
cannot be undertaken and no correlation can be established as these two formations
are not closely enough related. The lithology of the Trilofon stage differs greatly
from the monotonous marl series of the Makrysion stage. It is probable that part
of the Trilofon stage is equivalent to that of the Makrysion stage, with the
lacustrine beds of the Trilofon stage representing the marginal facies of the
Makrysion lake•. The fluvial facies or the Trilofon stage could be an upwards
continuation of its lacustrine facies, the former deposited during a climactic phase
of lower temperatures and heavier precipitation.
The total thickness of the Trilofon stage is estimated to be lOO-120m and its
age was determined, by examination of fossils, as being Upper Pliocene (Gold
Report, 1963).
South of Vangos, the Trilofon stage occurs at an altitude of approximately
700m and is also of fluvial origin. Its position here gives an idea of the eastwards
extent of the basin at that time and of the magnitude of the post-Pliocene tectonic
movements. The thickness here is only 30-40m.
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3.5.3 Pleistocene
Pleistocene sediments occur widely, covering most of the basin of
Megalopolis. They are divided into the lower Apiditsa stage, consisting of grovels
and clays of fluvial origin, the Upper Choremi stage, composed of the limnic
Marathousa beds of marls, clays and lignite and the fluvial Megalopolis beds of
gravels, sands and clays. The Potamia and the Thoknia terraces were formed at
the end of the Pleistocene period.
3.5.3.1 Apiditsa Stage
The Apiditsa stage deposits occur mainly on the western and northern sides of
the basin, overlying the Pindos zone basement, as formations of the Upper Pliocene
were not deposited here. In the central part, all boreholes which were sunk deeply
enough met the Apiditsa stage. In the eastern part of the basin, the Apiditsa stage
does not occur. Here, the younger Choremi stage is in faulted contact with the
Upper Pliocene (Makrysion stage) formations. Boreholes sunk on this side of the
basin did not meet the Apiditsa stage but penetrated into the Choremi stage then
entered the Makrysion stage.
On this evidence, the conclusion can· be drawn either that the Apiditsa beds
had been eroded before the deposition of the Choremi stage or that they were
never deposited on the eastern side of the basin.
The Apiditsa beds are easily distinguished by their prevailing rich reddish to
brown colour. They consist of alternating gravels with sand and clay matrix,
sandy-clay and clay beds (Plate 14a). The thickness of the gravel beds varies
between 0.5 and 20m. Cross-bedding can be observed in several places. Grading of
the gravel beds is not always distinct. The pebbles are mainly sandstone with a few
red and black cherts. Limestone clasts are relatively rare, even in places where
these beds overlie the limestone bedrock. Sandstone fragments were derived from
the first flysch formation of the Pindos zone, which exhibits less resistance to
mechanical erosion than does the limestone, while the latter were subject
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predominantly to chemical erosion. As can be seen on the western side of the
basin, deep valleys have been cut into the soft first flysch sediments, while
outstanding hills of limestone are present.
The pebble size decreases from the western side of the basin (boulders up to
O.5m occur) towards its interior (pebble size less than Bcm) while the degree of
roundness increases. This size distribution indicates a westerly origin for the rock
fragments but transportation in a south-north direction is implied from the
imbricate structure of the pebbly beds, observed in several places.
The degree of decomposition of the sandstone pebbles is frequently very high.
In layers which are intensely weathered, the sandstones are completely decomposed
and have been converted to layers of loam (sands and clays). In such cases, bedding
has been completely destroyed.
The average thickness of the Apiditsa stage is 60-80m. According to Vinken
(1965), who based his conclusion on a study of the fossils present, the Apiditsa
stage must have been deposited during the first glacial period.
3.5.3.2 Choremi Stage
The Choremi stage is divided into the Marathousa beds, deposited during the
first warm-climate period of the Pleistocene and the Megalopolis beds, deposited
during the following cold-climate period of the Pleistocene.
The thickness of the whole series is more than 250m, as has been proved by
the drilling of boreholes east of Megalopolis.
i) The Marathousa Beds
The Marathousa beds, which are those containing the lignite deposits, occupy
the axial part of the basin and overlie the Apiditsa beds. They also occur in the
Karytena basin and north of the village of Zoni.
The central zone, which is clearly of limnic origin, differs greatly in





Sediments of the Apiditsa stage; alternating beds of clays, sandy-
gravels. Megalopolis to Lykosoura road, near the turn-off to
Plate 14b: Marathousa beds; alternations of humic lignite, lignite and marls.
Thoknia open pit.
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In the central part, the Marathousa beds consist of alternating beds of clays,
humic clays, marls, silts and lignite (Plate 15). The marls, which represent the
greater part of these be,ds locally, are calcareous-clayey silts very rich in
carbonate. They are grey to green in colour when fresh. The Marathousa beds, and
especially the lignite, usually split along vertical, almost parallel surfaces when dry
(Plate 14b).
Various types of composition from humic-clay to clayey-lignite to lignite
occur. Between the villages ,of Psathi and Choremi, three groups of lignite seams
occur, separated by unproductive beds while, in the Kyparissia basin, the lignite is
found in a thick seam in which only thin intervening beds are present.
Layers of lime mudstone of less than 1m in thickness and which contain many
mollusc shells, and also beds of green-grey limestone, which are usually less than
1m thick and often have a small horizontal extent, occur especially in the lower
part of the formation. Layers of fine to medium-grained sand or lenses of coarser
material are also found in the lower parts, representing the beginning of the
deposition of the Marathousa beds. As a rule, the thickness of the lignite seams
decreases from the central part towards the margins until the seams disappear
completely, while the proportion and the size of the pebbles and sand increase
towards the basin margin.
The Marathousa beds of limnic origin interfinger with those of fluvial origin,
making it difficult to fix an exact boundary between these two facies. The
marginal parts of the Marathousa beds are composed of gravels, sands, clays and
silts, all of fluvial origin.
Beds similar to the Megalopolis beds, also fluvial in origin, were deposited
during the subsequent second glacial period and these two series of fluvial deposits
cannot generally, therefore, be easily differentiated. The Megalopolis beds can,
however, be clearly distinguished and isolated in the places where they transgress
over the limnic Marathousa beds.
Conditions must have been right for the accumulation of lignite. The




sedimentological regime of the basin must have been governed by an equilibrium
between the rate of sedimentation and that of the vertical movement of the
groundwater table. According to LUttig (1966), over-rapid subsidence of a basin
creates a deep lake in which limnic sediments are deposited while, in the case of
over-slow depression, fluvial and terrestial deposits are formed.
The Marathousa beds have only undergone slight weathering of which the
typical product is a yellowish-brown loam. Their total thickness in the central part
is about 200m. The layers with clastic sediments below the marls and the lignite
seams are often of a considerable thickness (40-100m). The thickness of the
Marathousa beds in the Karytena basin and at the villag~ of the Zoni is only about
20-15m.
ii) Megalopolis Beds
The Megalopolis beds are widespread and either overlie the limnic
Marathousa beds or are contiguous with the marginal facies of the Marathousa
beds. They are present predominantly on the eastern side of the basin. Towards
the south-east, they are in faulted contact with the Makrysion stage marls.
Remains of the Megalopolis beds, of a thickness 0.1 20-40m have been preserved on
the Upper Pliocene sediments on the eastern side of the basin. To the west and to
the north they directly overlie the Apiditsa beds. In the basin of Karytena, they
are 20m thick.
The Megalopolis beds consist of gravels, sands and clays which are largely
unsorted. Pure layers of sands, clays or pebbles are rare. Cross-bedding has been
observed in several places. The pebbles are mainly sandstones but there are also
limestones, cherts and a few mica-schists. The gravel beds are often quite rich in
limestone pebbles especially in the lower parts. Generally, the pebble size is small
in the centre of the basin (up to Scm), increasing towards its margins (up to 30cm).
They are sub-rounded and, in places (in the centre), rounded or well-rounded. A
clear relationship can be observed between the nature of the bedrocks outcropping
-.
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at the margins and the composition of the pebble beds deposited close to them.
This observation, together with the previous one regarding the size and degree of
roundness of the pebbles, suggests that the sediments were originally derived from
areas all around the basin. The imbricate structure of the pebbly beds observed in
several places shows that transportation has occurred in a south-north direction.
At the surface, the Megalopolis beds are intensely weathered, locally to a
depth of 20m. This has' resulted in complete disintegration of the sandstone
pebbles, which have been turned into a loam of bright red to reddish-brown colour
with limestone and chert pebbles.
Up to now, no fossils have been found in these beds.. Subsequent to the
deposition of the Megalopolis beds, only terraces were formed in the basin.
3.5.3.3 Potamia Stage (Upper Terrace)
, The Upper terrace, which is the oldest gravel body, can be observed in
several places along' the valley of the Alfios river and its main tributaries, the
Elisson, the Xerilas and the Koutifarena. This indicates that the river system
formed after the deposition of the Megalopolis beds was similar to that of the
present drainage system.
The Upper terrace, which occurs mainly along the Elission river and also to
the north-east of Thoknia, has a thickness of 5-10m. It consists of gravels, sands
and clays. The pebbles are limestones, sandstones and metamorphic rocks.
Rounding has taken place to a great degree in the interior of the basin while, at the
edges, large angular or sub-angular boulders and pebbles have been deposited. The
sandstone pebbles are intensively weathered and have sometimes disintegrated
completely, resulting in the formation of a brown loam.
The remains of the Upper terrace lie at different heights above the present
river level. In most cases, this is due to tectonic movements which took place
after its deposition. Along the Alfios river at the village of Thoknia the terrace
lies 15-30m above the river while, south-west of the village of Karytena, it lies
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60m above. Along the Koutifarena stream on the south-eastern side of the basin, it
lies 20-40m above the river, while along the Elisson river it lies only S-12m above
the present water level. The relative position of the Upper terrace above the
present level of the river system of the basin indicates that the interior of the
basin has subsided in relation to the margins.
3.5.3.4 Thoknia Stage (Middle Terrace)
The Thoknia terrace, which is the next youngest terrace, is found in several
places along the Alfios river and its tributaries, especially the Elisson. Its presence
is most obvious around the village of Thoknia, where it forms a relatively large
plain.
This terrace is composed of two parts. There is always a lower boulder zone
and, overlying it, a higher flood plain zone. The boulder zone consists of gravels,
sands, silts and clays. The pebbles are predominantly of limestones, sandstones and
J
a few metamorphic rocks. They are of relatively small size (up to 20cm) and arc
well-rounded. The flood plain consists of clays, sands and silts which are brown in
colour.
The thickness of this terrace is 5-10m.
The Middle- terrace lies, on average, 6-12m above the Alfios and its
tributaries. This small difference in elevation indicates that only minor tectonic






The Lower terrace, which runs along the Alfios river and its tributaries (e.g.
the Elisson, the Kastritis and the Valtos Choremiou) as a strip of varied width, has
an average thickness of Sm.
The Lower terrace is divided into the younger (lower) Lower terrace and the
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older (upper) Lower terrace.
a) The upper Lower terrace. This is composed of two parts, a lower part
consisting of pebbles, sands and clays and an upper one the high flood plain,
consisting of sands, clays and silts. In several places, the lower layer consists
predominantly of sands, clays and silts, the proportion of pebbles often being very
small. The pebbles are of all the rock types occurring at the margins of the basin,
such as limestones, sandstones and metamorphic rocks. They are generally small in
size (up to IDem) and well-rounded. This terrace lies 2-4m above the present level
of the Alfios river in the central southern part of the basin and 5-7m above the
river in the northern part, south of Karytena.
b) The lower Lower terrace. This lies I-2m above the present level of the
Alfios river and has the same composition as the upper Lower terrace into which it
is channelled.
3.5.4.2 Recent Formations
Holocene detritus of the same age as the Lower terrace can be found in
several places in the basin, especially along its north-eastern margin. South of
Pavlia and east of Karytena, much Holocene detritus occurs, consisting of clay and
sand with angular breccia, mainly of limestone.
-"
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CHAPTER 4: STRUCTURAL GEOLOGY OF THE MEGALOPOLIS BASIN
4.1 Introduction
The area under study, as described in detail in the previous chapter, is built
up of formations which belong to the geotectonic units of the Pindos and Tripolis
zones (including the latter's low-grade metamorphic basement) and the Phyllitic-
Quartzitic series. The formations of the Pindos zone are overthrust onto those
of the Tripolis zone which, together with its basement, is overthrust onto the
Phyllitic-Quartzitic series. The basin of Megalopolis is filled with un-
consolidated sediments (Fig. 4.1).
The detailed study of the structure is considered to be of fundamental
importance for an understanding of the hydrogeology of the area, for its
structural build-up has resulted in complicated relationships between the various
formations, each formation comprising a hydrogeological unit of different
hydrogeological properties and hence behaviour (see Chapter 9). Their relative
spatial positioning in turn controls the groundwater movement, thus determining
the groundwater regime of the area.
Bearing this in mind, a study of mainly the macro-structural features of
the area, rather than a complete, detailed study of the micro-structure of the
various formations or zones and units present in the area, was undertaken. In
this chapter, however, the tectonic relationships between the various
geotectonic zones present in the area are examined. Furthermore, the individual
structural features (thrusts, folds, faults and joints) which are present, either
over entire zones or in the individual formations from which they are made up,
are studied, as well as the structure of the basin as a whole.
The detailed study of the structure of the area surrounding the basin of
Megalopolis also helps towards a clearer understanding of the structure, of the
bedrock covered by the basin sediments. The study of the structure of the
surrounding area was especially helpfUl, from a hydrogeological point of view, in
building up a picture of the overall structure and regional setting beneath the
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Kyparissia field and in helping to explain the results of the detailed geophysical
investigation, as described in the following chapter. Finally, by correlating the
results of these various studies, it became possible to give the most probable
structure of the bedrock lying beneath the Kyparissia field (Section 5.5).
4.2 Phyllitlc-Quartzitic series
The Phyllitic-Quartzitic series of sediments Is composed mainly of
alternations of thin-bedded schists and quartzites.
Folds were observed, usually on a micro-scale, although a few on a macro-
scale were also present. The latter are mostly of overturned to recumbent type,
reSUlting in only a gentle dip of the beds. The axis of these folds has a general
N-S orientation. Lekkas (1978) who studied the outcrop of the series in the
central Peloponnese (to the north-east of the study area), reported that the axes
of the folds plunging at a small angle of 0_20° are orientated in two general
directions, ie N-S and ESE-WNW. He referred to the presence of conical folds In
the area, attributing their formation to the effects of two deformation stages.
He also described two lineation directions and concluded that they too had been
formed during two different stages. These were; an older one, being the
predominant and most frequent with a general N-S direction, and a younger one
with an ESE-WNW direction.
The schistosity of the rocks of the series and especially of the pelites is
highly developed. A few joint systems cut the beds of the series, especially the
quartzites, in which jointing is in places very intense.
Tripolis zone
The tectonic relationship between the Tripolis zone and the
Phylli tic-Quartzi tic series
As has already been stated in section 2.3, the Tripolis zone is part of the
nappe sequence of which the Peloponnese is built up. The' formations of the
-"
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Tripolis zone are overthrust onto the Phyllitic-Quartzitic series, as can be seen
in the eastern part of the study area, to the south and west of the viJIage of
Arachamites.
The Phyllitic-Quartzitic series crops out here, as a result of a broad local
uplift of the basement. Such movements resulted in the formation of tectonic
windows such as that of the Taygetos mountain in the south of the study area and
of the Parnon mountain in the Central Peloponnese. Berckhemer and Kowalczyk
(1978) stated that, after the end of the alpine orogenesis in the Upper Miocene,
the southern and especially the south-eastern Peloponnese were Ii fted up by a
matter of kilometres. This was followed by erosion down to the autochthonous
Plattenkalk series, while the contemporaneous uplift of the northern Peloponnese
was less extensive.
The tectonic contact between these two geotectonic units, the TripoIis
zone and the underlying Phyllitic-Quartzitic series, can be seen to be gently
folded along its entire extent. The contact between the these two formations
dips at an angle of 10-200 away from the Phyllitic-Quartzitic series outcrop.
The rocks along the tectonic contact are strongly deformed on both sides for a
few metres (2-3m or even more), resulting in the formation of a mylonite.
Different formations of the Tripolis zone of various ages are to be found
overthrust onto the Phyllitic-Quartzitic series (Figs. 4.2 & 4.3). Thus, along the
greater distance of the thrust, carbonate rocks of different ages occur, while the
sediments of the flysch formation of the Tripolis zone are directly overthrust
onto the Phyllitic-Quartzitic series, as seen for short distances along the
tectonic contact. Approximately 1,500 m to the east of the viJIage of
Arachamites, 5-10 metres of the Tyros beds are tectonically intercalated
between the Phyllitic-Quartzitic series and the carbonate rocks of the Tripolis
zone. This structure shows that, during the overthrust processes of the Tripolis
zone, part of the carbonate rocks of the Tripolis zone were upthrust onto the





































Fig. 4.2 Geological cross-sections along lines 8 - 81 and r - r1, shown on the geological map (1:25,000) in the





Tyros beds and part of the 'whole carbonate series were removed. These
observations suggest that overthrusting occurred at various levels within the
Tripolis zone, as formations from the Tyros beds up to the flysch are presently to

















Fig. 4.3.' Schematic geological cross-section in the area of the village of
Karatoulas.
4.3.2. Structure of the Tripolis zone
The Tripolis zone is made up of a thick series of more than 1000 m of
carbonates, consisting predominantly of thick-bedded dolomites and limestones
overlain by a series of thin to medium-bedded clastic sediments, mainly sands
and clays. This flysch sequence has a thickness of about 500 m. These two
sequences of sediments have been unconformably deposited on the low-grade
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metamorphic basement, the Tyros beds.
Each of these main stratigraphic units presents a different type of
structure.
The Tyros beds are relatively intensely folded with both folds on a large
scale and micro-folds. Most of the folds present are of overturned to recumbent
type and are those responsible for the generally low dip of the Tyros beds. The
axes of these folds, generally plunging with a small angle (0_20°), tend to be
predominantly in a N-S direction and less frequently in an E-W direction.
The metamorphism' of the Tyros beds occurred prior to the sedimentation
of the formations of the Tripolis zone, as the metamorphism has not affected the
lower parts of the carbonate rocks and pebbles of the 'low-grade metamorphic
basement (Tyros beds) are found in the basal breccia-conglomerate occurring at
the base of the carbonate sequence of the Tripolis zone.
Two stages of deformation affected the low-grade metamorphic Tyros
beds, ie that responsible for their metamorphism and the subsequent stage which
took place in conjunction with the completion of the alpine orogeny. These two
stages of deformation are represented by two generations of folding and by at
least two systems of folds.
Until recently (early '70s), the Tripolis zone was considered to be ,an
autochthonous zone, the prevailing structures attributed to this zone being the
broad open folds and normal faults, while upthrusts and reversed fault structures
were thought to occur rarely in the carbonate'rocks but frequently in the flysch
sequence.
The carbonate rocks of the Tripolis zone, due to their nature as mainly
thick-bedded to unbedded neritic dolomites and limestones, were generally rigid
and exhibited much resistance to the folding stage of the alpine orogeny. Only
folds of a small scale can be observed, occurring where the carbonate rocks are
thin to medium-bedded (e.g. Cretaceous dolomites approximately 1.5 km NE of
Stemnitsa).
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The flysch sediments of the Tripolis zone, on the oth~r hand, being much
more flexible, were complexly folded by the compressive stresses during the
./
folding stage of the alpine orogeny. Thus, folds on all scales and reversed faults
and upthrusts on a small scale are often present in the flysch formation. In
places where the flysch sediments dip constantly in a certain direction, large-
scale recumbent or overturned folds can sometimes be seen.
For a more detailed study of the direction of the axes of the folds in the
flysch, measurements of the strike and dip of the flysch beds were statistically
evaluated by plotting them on a Schmidt net (Fig. 4.4a). Axes of the folds of the
flysch were also measured and statistically studied in the same way (Fig•. 4.4b).
The measurements were taken and evaluated during the geological and
structural study of the area extending between the villages of Mallota,
Palaeochouni, Marmaria, Paparis and Anemodouri, covering almost the entire
south-eastern part of the area under study. This study was submitted to the
University of Athens as a thesis forming part of the fourth year of the B.Sc
degree (Tsiftsis and Trikolas, 1978).
From Fig. 4.4a, it can be seen that three different axes of folds were
determined in the flysch. In order of frequency of occurrence, they are as
follows; a) 10/310, b) 8/392 and c) 15/245. The presence of three different
axes of folds in the flysch is also shown in Fig. 4.4b. In order of frequency of
occurrence, they are as follows; a) 8/327, b) 6/012 and c) 50/180. No good
correlation was found to exist between the axes measureo and the axes
determined.
Thrust structures. have been reported by previous investigators to occur
within· the lower part of the Tripolis zone (Tyros beds-lower part of the
carbonate rocks) but mainly within the middle-upper part of this zone (upper part
of the carbonate sequence-lower part of the flysch formation) (Dercourt et al.,
1973; Lekkas, 1978; Georgoulis, 1983). It should be noted here that it is very
likely that similar structures also exist within the carbonate rock sequence or
N N
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Fig. 4.4b. Sterographic diagram of
the measured axes (~) of the flysch
(plotted measurements 54).
Fig. 4.4a. Stereographic diagram
of the poles to the bedding planes
for the determination of the axes
(~ss) of the flysch (plotted
measurements 293).
Note:The contours of equal frequency represent 1,3,5 and 8% (on Fig. 4.4a) or
5,10 and 15% (on Fig. 4.4b) of the total number of measurements.
the flysch themselves, but that the lack of characteristic horizons within them,
due to the uniformity of sedimentation of these two formations, make them
difficult to detect.
A small-scale thrust is present 4 kms west of the village of Arachamites,
where carbonate rocks of undetermined age are thrust onto the flysch sediments,
the latter occurring in the form of a thin band (50 m thick) wedged between the
carbonate rocks.
Large blocks of the carbonate rocks (up to 500m) and flysch horizons of the
Tripolis zone occurring at the base of the Pindic nappe, being thrust onto the
upper parts of the Tripolis zone, were considered by· the investigators Lekkas
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(1978) and Georgoulis (1983) in the areas they studied (central, central-eastern
Peloponnese) to be overthrust structures within the Tripolis zone. In the present
study, however, they are seen as making up part of the 'tectonic block'
formation, as they have either been swept away by the advancing Pindic nappe or
have' been underthrust onto the Tripolis z'one as a result 'of tensional stresses
caused in t~e upper part of the Tripolis zone by thrusting of the Pindic nappe.
Dercourt, Fleury and Tsoflias (1972) also described similar geological structures
below the Pindic nappe in the north-western Peloponnese. They explained their
formation either as an upthrust or as an underthrusting ('sous-charriage') of the
upper parts of the Tripolis zone onto the formations of that same zone, due to
the overthrust processes of the Pindos zone.
A great number of faults of different sizes, the majority of which are
normal dip-slip faults, were detected throughout the Tripolis zone outcrops, as is
shown on the geological map of the area. (A reduced scale map (1:100,000) of
the faults of the area is given in Fig. 4.10). The faults were interpreted from
fracture traces or topographic irregularities on the land surface on air-
photographs of the area on a scale of 1:33,000, provided by IGME. A few of
them were recognised in the field, especially those forming the contact between
the carbonate rocks and the flysch of the Tripolis zone.
Not all of the faults plotted on the map are of" major structural
significance. As there are no characteristic horizons within the carbonate rocks
or the flysch sequence to aid the determination of the throw of the faults, the
only element which could give even an idea of the size of a fault was the
difference in elevation between its two sides.
In the carbonate rocks, it was sometimes possible to detect the fault plane
along which a zone of fault breccia or gouge of varying width was formed, while
the fracture opening 'was partly filled, secondarily, with calcite or clay' (terra
rossa) material. . Slickensides occur in a few cases on the polished fault planes.
It was concluded from the dip of the fault planes and the orientation of the
106
slickensides that the faults occurring in the area are, in general, normal faults
dipping with an angle of at least 70°.
The faults cutting the formations of the Tripolis zone run in several
directions. . The predominant directions in the areas wh~re the Tripolis zone
formations outcrop are NW-SE, NE-SW, ENE-WSW 'and E-W, although there is a
great difference in the predominance of direction, according to whether it is
judged by the frequency with which the faults occur or the cumulative length
they present across the area.
Although further study would have been possible by projecting the fracture
planes and slickensides on a Schmidt net and thus determining the stresses
responsible for their formation, this was not undertaken, being beyond the
purposes of the present study. Georgoulis (1983), by studying such data for 19
faults, determined a predominant WSW-ENE and a secondary NNW-SSE direction
of the tensional stresses for part of the central Peloponnese. '
Faulting in the Tripolis zone took place in two main stages. The first (pre-
flysch) occurred during the Lower/Middle Eocene, before and possibly during the
first stages of flysch sedimentation, while the second' one occurred during the
Upper Miocene/Lower Pliocene, shortly after the final stage of the alpine
orogeny, as a result of a relaxation of the stresses accumulated during that
stage. The first stage of the block-faulting tectonism resulted in the formation
of grabens and horsts within that palaeogeographical area of the Tripolis zone
consisting of a submarine ridge. A few of the faults resulting from this stage of
fracturing can at present be observed, in places, to form the contact between
the carbonate rocks and the flysch. They defined the margins of the grabens
within which the flysch sediments were deposited (see also Section 3.2.3.2.).
Mariolakos (1976) called this type of contact 'apparent tectonic contact'.
In most of these pre-flysch faults, a fault micro-breccia layer, usually of
small thickness, occurs on the carbonate side of the fault. It consists solely of
carbonate rock fragments' produced during the fracturing of the carbonate rocks.
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Only one system of slickensides was noticed on the fault planes. A few of these
faults must have been reactivated during a later stage of faulting that took place
after the deposition of the flysch. This can be concluded from the presence of a
second fault micro-breccia layer of flysch particles or flysch particles mixed
with carbonate rock micro-breccia, covering the first layer of carbonate micro-
breccia and also from the presence of two groups of slickensides running in
different directions. Similar reactivation of faults was also described in other
areas of the Peloponnese by Richter and Mariolakos (l973) and Lekkas (l978).
Most of the faults noticed in the area were newly formed during the second
stage of faulting and it is mainly this generation of faults that is' responsible for
the final configuration of the tectonic basin of Megalopolis.
Lekkas (l978) observed faults which have only affected the formations of
the Tripolis zone and not the underlying Phyllitic-Quartzitic series. He proposed
that the faults of the Tripolis zone could be divided into pre-overthrust faults
and post-overthrust faults.
Joint systems were observed in all stratigraphic units of the Tripolis zone,
ie the Tyros beds,' the carbonate rocks and the flysch sequence. The intensity of
jointing depends both on the formation in which it occurs and on the location.
Jointing is relatively weak in the Tyros beds, where joints usually of small
size occur. The carbonate rocks, however, are intensely jointed. Joints are
often of large size, their length varying from a few centimetres up to several
metres. The jointing fre9uency (number of joints per metre) is often high and
depends on the jointing system prevailing in the area. A difference is often
observed between the degree of jointing occurring in the dolomites and in the
limestones. The dolomites are cut by joints of a'relatively small size with fairly
high frequency while, in limestones, joints of generally larger size but less
frequency occur. A few of the joints are filled with secondary calcite and a few
others, close to the land surface, are filled with terra rossa formation.
Two main systems of jointing perpendicular to each other were determined
-',
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statistically for the carbonate rocks of an outcrop in the orea around the village
of Paparis (just outside the study area, at its south-eastern margin). According







Fig.4.5. Jointing in the Tripolis zone: a) in the carbonate rocks (plotted
me~surements396) and b) in the flysch (plotted measurements 489)





The degree of jointing and fracturing in the carbonate rocks is of great
importance for their karstification and for the development of secondary
porosity and hence permeability. The joints, fissures and other openings in the
rocks have been greatly modified by solution.
The degree of jointing of the flysch is less intensive than that of the
carbonate rocks. Joints are usually of small size. The sandstone beds of the
flysch are more jointed than are the clayey ones. Several joint systems are
present in the flysch. The statistical study of joints measured' in the' area
between the villages of Mallotaand Papai-is showed the presence of the following
jointing systems in the flysch, listed according to their frequency of occurrence:
a) 72/140, b) 82/190, c) 86/120 and d) 86/090 ( Fig. 4.5b).
The Pindos zone
The tectonic relationship between the Tripolis and the Pindos zones
The formations of the Pindos zone cover a large part of the study area
and are to be found overthrust onto the Tripolis zone. Over most of the area,
the Pindos zone appears to be overthrust onto the carbonate rocks of the Tripolis
zone and only in the north-western and south-eastern parts of the study area
does it appear to have been overthrust onto the Tripolis zone flysch sediments.
Geological mapping, however, reveals that the Pindos zone is; in fact, overthrust
onto the Tripolis flysch sediments over most of its extent, including the
Megalopolis basin and the area north of it (see Fig. 4.6).
A good knowledge of the nature of the bedrock underlying the Pindos zone
Upper Cretaceous limestones, be it the carbonate rocks or the flysch of the
Tripolis zone, is highly 'important from a hydrogeological point of view, as the
bedrock controls the movement of the groundwater contained in the Upper
Cretaceous limestone aquifers.
A 'tectonic block' formation is to be found at the base of the Pindic nappe,
tectonically overlying the Tripolis zone. It is of varying thickness, usually
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ranging from 0-30 m and reaches, in places, a thickness of more than 200 m.
It consists of material originating from both the Pindos and Tripolis zones.
Hence the following are to be found in this formation; sandstones of the flysch
formations and limestone blocks of the Pindos and Tripolis zones, cherts and
igneous rocks of the first flysch and fragments of the conglomerates occurring
in the flysch of the Tripolis zone. The material making up this formation is
mostly of mixed origin, although, over small areas, a monogenetic composition of
material originating from either the Pindos or the Tripolis zones can be
observed. In the north, around the village of Stemnitsa, large limestone blocks
and flysch horizons of the Tripolis zone have been detached and tectonically
intercalated between the flysch of the Tripolis zone and the overthrust Pindos
zone (Plate 16a). The bedding structure of the flysch is, however, preserved
here.·
The 'tectonic block' formation is clearly of tectonic origin and was formed
during the final stage of the overthrust processes and advance of the Pindic
nappe. It is believed that, by this stage of the tectonic evolution of the area, the
part of the Tripolis' zone onto which the Pindos zone was overthrust was already
uplifted and folded just ahead of the advancing Pindic nappe. Further west, it is
likely that the sedimentation of the flysch of the Tripolis zone continued.
During the earlier stages of the overthrust of the Pindos· zone, material
originating from the front of the advancing Pindic nappe and also from the
Tripolis zone, either from those parts of it uplifted during the Lower-Middle
Eocene faulting tectonism and exposed to erosion or from those parts taken up
by the advance of the Pindic nappe, fell into the Tripolis zone sea and was
deposited together with the flysch sediments, resulting in the tectono-
sedimentary formation of the 'wild' flysch, ie flysch sediments with
intercalations of conglomerates and olistoliths.
A tectono-sedimentary formation of similar composition has been
described for several places in the Peloponnese by investigators such as Dercourt
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(1964), De Wever (1976), Lekkas (1978), Katsikatsos (1980) and Georgoulis (1983).
They also described the mode of its formation.
The overthrust of the Pindos zone, based on determination of the age of
the upper beds of the flysch of the Tripolis zone, is believed to have taken place
during the Upper Oligocene/Lower Miocene (Dercourt, 1964).
In a few places, the Pindos rocks overlie the Tripolis zone horizontally but
this only applies if relatively short distances are considered. Overall, the Pindic
nappe overthrust contact is to be found at widely varying elevations. In the
northern part of the area, between the valley of the Lousios river and the area to
the north of the village of Stemnitsa, a difference in elevation of approximately
1000 m (400 - 1400 m) is evident.
The thrusting of the formations of the Pindos zone took place from a
generally easterly direction, as can be seen from the arrangement of the
successive overthrust slices in the western part of the study area and also from
the orientation of the axial planes of the folds. It may be assumed that in
places, due to local factors, a different direction of movement of the Pindic
nappe was followed during the final stages of the overthrust processes.
During this stage of deformation the overthrust plane must have been
folded, resulting in folds running in a general N-S direction, while the final form
and position of the overthrust plane of the Pindic nappe were determined by a
faulting and also by a folding stage, both of which took place after the
overthrust of the Pindos zone. The folding stage re-folded the formations of the
Pindos zone to give folds whose axes generally lie in an E-W direction. This
folding stage must also have folded the thrust plane.
Two different systems of folding along two different axes, representing
two distinct folding stages, were determined by drawing the contours of the
thrust plane of that individual part of the Pindic nappe occurring in the south-
eastern part of the study area. The first system of folds plunges gently in a SW




In the north and north-east, from just north of the village of Stemnitsa up
to the area around the village of Lykochia, the limestones of the Pindic nappe
are to be found resting directly on the carbonate rocks of the Tripolis zone, the
latter often being of a Cretaceous or even' lower age. The texture of the
carbonate rocks and the Upper Cretaceous limestones is strongly deformed here
for several metres along the thrust, resulting in the formation of a horizon of
fine crush breccia, especially in the carbonate rocks. Slickensides can be
observed in places on the side of the carbonate rocks. A hundred metres south-
east of the village of Psari they were measured to plunge in 20/040, indicating a
NE-SW direction of the thrusting movements (Plate 16b).
Between the villages of Lykochia and Karatoulas, a relatively thin unit of
carbonate rocks of the Tripolis zone lies between the Pindic nappe and the
Tripolis zone basement (Tyros beds). In places, this horizon is entirely absent
and the Pindos zone limestones directly overlie the Tyros beds.
A block faulting episode occurred during the Eocene, resulting in the
disintegration of the Tripolis zone into several blocks and an intensive erosion of
those uplifted blocks (horsts) which had emerged took place. At the same time,
or a little later, flysch sedimentation commenced in the formed grabens. In
places, the erosion reached down to the basement of the Tripolis zone. Flysch
sedimentation did not take place on the uplifted blocks (horsts) and, if it did
occur at a later stage, it was of limited thickness (Figs. 4.2 &: 4.3).
The initial basin of Megalopolis was a graben in which flysch sedimentation
took place. This graben was bordered on its north-eastern side by an uplifted
block running along a fault striking in a generally NW-SE direction (see also
Chapter 6). Assuming this to be a correct analysis of the palaeogeographical
situation, the presence of different formations of the Tripolis zone underlying
the Pindic nappe can be explained by the overthrust of the advancing Pindic
nappe onto the formations of the Tripolis zone exposed at the surface at that
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Plate 16a: Block of the carbonate rocks of the Tripolis zan wi thin the 'tectonic
block' formation approximately 2km north-east of the village of St mnitsa.
Plate 16b: Thrust plane between the Tripolis and the Pindos zone. Slickensides
can be clearly distinguished on the carbonate rocks of the Tripolis zone side of






















time. The possibility should also be considered that in a few places the flysch,
together with parts of the upper horizons of the carbonate rocks of the Tripolis
zone, was taken up and swept away by the advancing Pindic nappe.
4.4.2 Structure of the Pindos zone
4.4.2.1' Introduction - Peloponnese
Since' the beginning of the 19th century, the Pindos zone has been
considered by most investigators to consist of a huge nappe overthrust onto the
Tripolis zone.
In the Peloponnese, however, the rocks of the Pindos zone outcrop as two
separate ranges. It may be assumed that the recent distribution of the Pindos
rocks in the central Peloponnese, as two separate ranges and an isolated klippe,
is not due solely to the erosion of a nappe formerly covering the whole area but
could equally well be the result of a primary dissection of gravity sliding (Ooert,
1978).
A great problem, still under discussion, arises from the geological 'and
structural differences which these two ranges of the Pindic nappe present.
These differences, which have been recognised by many investigators, may be
summarised by the observation that along the western part of the Peloponnese,
the Pindos zone presents an internal structure of distinctive thrust-slices built up
from aU formations younger than the Middle-Upper Triassic, while the eastern
range of the Pindos zone forms a nappe built up only from formations younger
I
The fundamental problem is in establishing whether:
a) both areas are parts of a single Pindos nappe (Renz, 1940; Oercourt, 1964)
or
b) these ranges must be derived from two similar pelagic troughs, separated
by a central shelf region of the Tripolis zone (Kiskyras,' 1964; Fytrolakis,
1972 and 1973).
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Dercout (1964) referred to the fact that the Pindos zone is overthrust onto
the upper parts of the Tripolis zone and distinguished two basic types of
structure, namely
a) a western unit, approximately 30 kms wide, with a prevailing structure of
thrust-slices and
b) an eastern unit, approximately 60 kms wide, with a simpler nappe
structure.
He also referred to the geological differences between these two units,
stating that the western unit is built up from formations from Upper Triassic to
Eocene while the eastern unit comprises only formations younger than the Upper
Cretaceous and possibly, in places at the base of the nappe, of Lower Cretaceous
age.
The Pindos zone is generally considered by the majority of investigators to
consist of a single nappe. The differences presented throughout its extent can be
explained as resulting from the overthrusting processes.
Doert (1978) affirmed that all the Pindos areas of the Peloponnese belong
to a single nappe, basing his conclusion on the microtectonic method of
investigation. His interpretation stemmed mainly from observation of the
following phenomena:
i) tectonic contacts between the Pindos rocks and the Tripolis zone
ii) general vergence of folds and overthrust planes towards the west and
south-west and
iii) similar tectonic structures and continuous facies transitions between the
Pindos outliers and the western Pindos chain.
Consequently, he concluded that the Pindos nappe rocks must be derived from
the areas E or NE of the Tripolis zone, namely those areas bordering the bay of
Argos.
Finally, both Temple (1968) and Doert (1978) proposed that the Pindos zone
constitutes a structural unit which has been transported at a superficial tectonic
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level and which has received its internal structure by an interaction of folding
and gravity sliding.
4.4.2.2 Megalopolis area
A completely different structure appears to be present in the Pindic nappe
on the two sides of the Megalopolis basin. Thus, to the west and north-west sides
of the basin (or, more precisely, to the west of a line running to the east of the
Kyparissia field, northwards through the village of Ellinikon) a complicated
Pindos zone structure is present. It consists of numerous thrust-sheets built up
from the first flysch, the Upper Cretaceous limestone and, to a lesser extent,
from the transition beds to the flysch. To the east of this line, on the other
hand, a nappe of intensely folded Upper Cretaceous limestones occurs (see F"'ig.
4.6).
a) Western part
To the west of this line, a very complicated structure of imbricate thrust-
slices is present, irregular in shape, thickness and extent. These thrust-slices
generally dip steeply (40-60°) to the E and are all intensely folded and disturbed.
A clear pattern of the development and distribution of the thrust-slices
cannot be established here, as a simple, successive repetition of them can only
be observed in a few places. Some of the thrust-slices which make up relatively
large structural units include parts of both the first flysch and the Upper
Cretaceous limestones. Usually, however, only the upper parts of the first
flysch are found, although lower stratigraphic sediments do occur, as for
example around Lykosoura. In a few cases, the whole Upper Cretaceous
limestone series, including part of the transition beds to the flysch, is to be
found but generally only the lower part of the Upper Cretaceous limestones is
present. Thrust-slices of small thickness and consisting of either limestone or of























Fig. 4.6 Geological cross-section along the line A - AI, shown in the geological map (1:25,000) in the pocket of





In places, a series of successive thrust-slices of small thickness was also
observed. Precise illustrations of this type of structure can be seen in Plates 17a
and 17b.
Thrusts or reversed faUlts, bringing into contact formations of the same
type either of limestone or of first flysch are hardly detectable (Plate 18a).
Stratigraphically reversed structural units, in which the transition beds from the
Upper Cretaceous limestones to the flysch are underlain by the Upper
Cretaceous limestones, were observed in a few places, as to the north-western
side of the mapped area, west of the village of Markos. These units comprise the
upper limb of a faulted syncline.
Unbroken folds (synclines or anticlines) on a macro-scale were not observed
in the area, with the exception of an almost overturned syncline north of the
village of Kastanochori and an anticline along the west of the Lousios river,
where a 'contre de coupe' type of structure occurs. The formation of the latter
was due to local factors such as varying degrees of resistance to the thrusting
and folding of this part of the Pindic nappe as it moved closer to the Tripolis
zone (Fig. 4.6).
Major folds were observed in the Upper Cretaceous limestones in a few
cases, while folds usually of overturned to recumbent type are the predominant
minor structures and are observed in all the thin-bedded formations of the Pindos
zone. The axial planes of these folds dip to the E and, in some places, to the NE
or SW.
Lalechos (1974), who studied the area west of the basin of Megalopolis
(topographic sheet of the K. Figaleia area), described the structure of the Pindos
zone as consisting of a series of intensely overturned folds, generally plunging
steeply eastwards, and of thrust-slices. He suggested that these formations
resulted from the east-west thrusting of the Pindos zone and also from the
eastward and westward sliding movements of the formations of the Pindos zone
due to the uplift of the basement in the central Peloponnese.
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Plate 17a: Thrust-slices in the Pindic nappe on the western side of the basin.
Along the road from left to right in succession can be distingUished:
a) Upper Cretaceous limestones, b) first flysch, c) Upper Cretaceous limestones
and d) beds transitional to the flysch. View looking westwards from Karytena.
Plate 17b: Thrust-slices in the Pindic nappe on the western side of the basin.
From left to right in succession can be distingUished: a) Upper Cretaceous
limestones, b) first flysch and c) Upper Cretaceous limestones. Karytena to
Kotylion road, approximately 600m ENE of Kotylion.
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Plate 18a: Thrust within the Upper Cretaceous limestones. Remains of the first
flysch can be seen squeezed along the thrust plane. Karytena to Kotylion road,
approximately 500m east of Kotylion.
Plate 18b: Contact between the Upper Cretaceous limestones and the first
flysch. The primary sedimentary contact between these two formations is
strongly disturbed over most of the area. Karytena to Kotylion road,
approximately 500m east of Kotylion.
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Katsikatsos (1980), who studied the area south-west ~f the Megalopolis basin
(NE part of the topographic sheet of the Meligalns area), also considered the
structure of this zone to be made up of a series of tectonic thrust units, each
consisting of one or usually more intensely folded' overturned synclines and
anticlines.
In the study area, the compressive stresses exerted during the
overthrusting of the Pindic nappe favoured the formation of thrust-slices rather
than that of major folds. The fact that the formations of the Pindos zone are
found in the study area to lie closely above the upper parts of the Trlpolis zone
onto which they are overthrust further favoured the formation of thrust-slices,
as the lower parts of the advancing nappe, which were the first to arrive on the
Tripolis zone, became 'stuck' there, while the parts above them continued to
advance.
Due'to the thrust movement of the Pindic nappe and the resulting internal
thrust structure present in this area, the contact between the first flysch and the
Upper Cretaceous limestones, being primarily a sedimentary one and co'nstituting
a point of weakness, was often found, throughout almost all the study area, to
be strongly disturbed. In most cases, only minor thrust movement between the
first flysch and the Upper Cretaceous limestones was noticed (Plate lab).
b) Eastern part
The part of' the Pindic nappe occurring on the eastern and north-eastern
'sides of the Megalopolis basin and extending eastwards from the imaginary line
defined earlier must comprise part of the 'Arkadic Table' (Dercourt, 1964) or the
'Arcadic nappe' (Kiskyras, 1964), as it presents the geological and structural
features attributed to this part of the Pindic nappe by these investigators.
Here the Pindic nappe is built up mainly of Upper Cretaceous limestone
and partly from'the transition beds to the flysch. Remains of the first flysch only
occur in a few places at the base of the nappe, usually forming part of the
transition beds to the Upper Cretaceous limestone.
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The Upper Cretaceous limestones are strongly deformed in places,
especially along the eastern side of their extent and, in particular, close to the
overthrust plane. Their sedimentary texture has been completely destroyed,
resulting in the formation of a tectonic breccio-conglomerate which is often
relatively loose (Plates 19a and 19b).
The areas of brecciated limestone are often quite extensive, as to the
north and east of the village of Elllnikon, to the south-west of and around the
village of Syrna and in the area between the villages of Psari and Lykochia.
They usually have a low relief.
The same types of structure as noticed in the western part of the Pindic
nappe also occur in this part of the nappe, although, as this part is predominantly
built up from Upper Cre~aceous limestone, the reversed faults and thrusts bring
into contact different blocks of limestone and are, therefore, barely detectable
(Plate 20a). Thrust planes on this side have shallower dips while minor
overturned to recumbent folds are the predominant minor structures.
The great thickness of the Pindic nappe, which in places exceeds 500m, as
to the east of the village of Elllnikon (see Fig. 4.6) can be explained by the
repetition of the Upper Cretaceous limestone series due to folding and thrusting.
The sedimentary thickness of this series (as described in Section 3.4.5) varies
between 150 and 200m although, as explained above, it is barely detectable in
the field. The thickness of the Pindic nappe further to the east of the
Megalopolis area in places exceeds 1000-1500(?)m (e.g. east of the basin of
Tripolis).
To the SW of the village of Kerastaris (NW of the village of Athenaeon), a
relatively small isolated nappe of the Pindos rocks occurs, making up part of the
Pindic nappe. Here, the stratigraphy is reversed, with the transition beds to the
flysch underlying the Upper Cretaceous limestones, the unit haVing been
overthrust onto the flysch of the Tripolis zone. The presence of this reversed
unit within the eastern part of the Pindic nappe provides evidence that
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Plate 19a: Upper Cretaceous limestones in the form of tectonic breccia, formed
during the thrusting of the Pindic nappe. This type of brecciation i widespr ad
on the eastern side of the study area and usually occurs close to the base of the
nappe. Along the Syrna road, 200m south of the village.
Plate 19b: Foliation of the Upper Cretaceous limestone breccias, formed during
the thrusting. Ellinikon to Stemnitsa road, approximately 500m ESE of Ellinikon.
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structures similar to those occurring in the western part of the nappe are present
here. A similar structure was also described by Georgoulis (1983) for the area
north of the village of Doriza, approximately Bkm outside the study area to the
east.
In addition, on the road from Athens to Megalopolis, along the new part
running above the Achladocampos plain (approximately 40-45km to the east of
the study area), where the road is cut into the Pindos zone here forming part of
the 'Arkadic' nappe, many thrusts, reversed faults and folds can be observed.
c) Northern part
To the north of the basin of Megalopolis, the Pindic rocks extend as a
continuous single nappe. A cross-section of this area (Fig. 4.6) shows a gradual
transition from the type of nappe occurring on the western side of the basin to
the type occurring on its eastern side.
The easternmost outcrop of the first flysch in this area, coinciding with the
last apparent overthrust plane towards the east, occurs in the form of a narrow,
interrupted band, striking in a N-S direction and extending northwards from
south of the village of Ellinikon to north of the village of Stemnitsa. As this
band occurs at a relatively great distance from the easternmost occurrence of
the irregular successive alternations of the first flysch and the Upper Cretaceous
limestones, it is almost isolated from the other first flysch outcrops further to
the west. To a certain extent, it can be said to divide the extensive Upper
Cretaceous limestone outcrop occurring on this side of the basin•
.
To the east of this first flysch outcrop, a number of thrust or fold
structures partly made up of the first flysch are presumed to be present,
although they are hidden below the continuous extensive Upper Cretaceous
limestones. The last visible occurrence of such a thrust structure occurs to the
north of the village of Pa1amari.
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Plate 20a: Reversed fault in the Upper Cretaceous limeston s. Th textur of
the limestone is completely destroyed for up to 15m along both sides of he fault
and the limestone becomes a tectonic breccia-conglomerate. Ellinikon to
Stemnitsa road, approximately 1.5km east of Ellinikon.
Plate 2Gb: Upright fold in the thinly-bedded Upper Cretaceous lim ston s.
Approximately 200m south-east of the village of Mavria.
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From the observations set out above, it can be concluded that, despite first
appearances, the Pindic nappe does in fact comprise a single structural unit
throughout the study area, as it presents the same structure on both sides of the
Megalopolis basin. The only apparent variation is in the number of different
geological formations on either side, although it should be noted that, to the
north of the basin, a gradual transition between these two parts of the Pindic
nappe can be observed.
Macro-folds are rarely observed in the study area but folds of minor and
medium scale are common in all the thinly-bedded formations of the Pindos z'one
i.e. in all the formations except the massive sandstones of the first flysch (Plates
9a, l1a, 12b and 20b). Due to their nature as thinly bedded, pelagic sediments
and hence highly pliable, all these formations, especially the Upper Cretaceous
limestones, are intensely folded.
Folds of various sizes and types occur in the Upper Cretaceous limestones,
with overturned to recumbent folds being predominant (Plates 11a and 20b). The
orientation of the axes and the axial planes vary. The axes generally plunge at
only a small angle (0-25°). The direction of plunging varies greatly. The
following directions were measured, given in decreasing order of frequency of
occurrence (total of 70 measure~ents): a) 0-90; b) 190-220; c) 130; d) 150-160
and e) 310.330.
The statistical study of 219 measurements of the strikes and dips of the
beds of. the Upper Cretaceous limestones outcropping on the south-eastern side
of the study area, plotted on a Schmidt net, gave three principal axes of folding
(Fig. 4.7)•. In decreasing order of frequency of occurrence, they are as follows:
1).11/073; 2) 26/200 and 3) 10/307.
Early minor folds can be seen to have been re-folded by subsequent
deformation. Most of the previous investigators also referred to the existence of
more than one phase of folding of the Pindos zone sediments. Karotseris (1981)
distinguished two folding stages. He associated the first with the thrusting of
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the Pindic nappe and the second with the gravity sliding movements of parts of
the Pindic nappe, resulting from the uplift of the metamorphic basement of tho
Peloponnese.
Fig. 4.7. Stereographic diagram of the poles of the bedding planes for the
determination of the axes (pss) of the Upper Cretaceous limestones (219 plotted
measurements) (Tsiftsis & Trikolas, 1978).
Note: The contours of equal frequency represent 1, 3, 5 and 7% of the total
number' of measurements.
Many faults affect the formations of the Pindos zone (see geological map,
1:25,000 and the fracture map of the study area, Fig. 4.10), mostly identified by
studying the air-photographs of the area, while a few were also determined in
the field, especially those which bring into contact different geological
formations, mainly the first flysch and the Upper Cretaceous limestones.
These faults are definitely younger than the folds and the thrusts, as they
intersect and dislocate both of them. Most of the faults observed are
hydrogeologically very important for they were responsible for the dislocation of
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the thrust-slice units (e.g. the fault running for a distance of approximately
12km in a W-E direction from south of the village of Kotylion almost as far as
the Altios river).
The majority of the faults are steep dip-slip normal faults. Only a few
oblique or strike-slip faults occur, their relative movement being deduced from
the orientation of the slickensides. Mariolakos (1976), who studied the faulting
of the Pindic nappe, stated that in its western part (i.e. the unit presenting the
thrust-slice structure) there is only one direction of slickensides, whereas In the
east (i.e. in the 'Arkadic' nappe) there are usually two. He suggested that the
presence of two directions of slickensiding does not necessarily indicate that re-
activation took place in a subsequent faulting stage.
No dominant direction of faulting can be established in the area.
Jointing in the Upper Cretaceous limestones ranges from moderate to
intense. The size and the frequency of joints varies from place to place and
depends predominantly on the system developed. Several sets of joints are
present. Study of the jointing in the part of the Pindic nappe occurring in the
southern part of the study area revealed jointing along the following directions,
listed according to their frequency of occurrence: a) 72/260; b) 74/070 and c)
74/220 (Fig. 4.8).
The relatively high degree of fracturing of the Upper Cretaceous
limestones consituted a factor favourable to the high degree of karsti{ication
developed in them.
The sandstone beds of the first flysch are also moderately and in places
intensely jointed. Joints are usually small in size and relatively frequent,
although both size and frequency vary from place to place. Several jointing
systems are present. The 78 joints measured at an outcrop of the first flysch to
the north of the village of Karytena have mean dip values, listed according to
--.
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their frequency of occurrence, of a) 70/170, b) 70/340, c) 45/090 and d) 55/310.
·N N
Fig. 4.8. Jointing in the Upper Cretaceous limestones (281 measurements)
(Tsiftsis & Trikolas, 1978).
4.5 Megalopolis Basin
The basin of Megalopolis consists of a graben whose margins are formed by
dip-slip faults. The whole of the eastern boundary of the basin, between the
sediments filling the basin and the marginal Mesozoic-Lower Tertiary rocks, is
totally determined by normal dip-slip faults, the throw of which is generally
high, with a few of them ranging from 150 to 200 m or more. This series of step-
faults towards the basin has resulted in a difference in elevation of 500-700 m
between the basin and the surrounding hills. Two main directions are clearly
distinguished here, one running SSE-NNW (160-340) and the other SW-NE (210-
030). These two directions coincide with two of the principal faulting directions
determined for the southern part of the study area (Fig. 4.11).
Small faults in the interior of the basin also cut the Plio-Pleistocene







aprox. 15 km --1. 0
LEGEND
Fig. 4.9: Schematic geological cross-section across the central to northern part of the Megalopolis basin




















Jointing in the older formations of the superficial sediments of the basin is .
weak. The lignite beds, on the other hand, are intensely jointed, as can be seen
in the open pit of Thoknia. Three systems of steep joints can be clearly
distinguished, striking in 130-310, 040-220 and 110-290 directions. The joints ore
often long, running for several metres and also qui te frequent in occurrence.
During the summer when the exposed lignite beds dry up, fairly wide openings
are formed along the joints (Plate 14b). In addition, small crocks are formed in
the clay and, less often, in the marly beds during this drying out.
The basin sediments are not folded. At the margins, the beds dip gently (5-
20°) towards the interior of the basin as a result of faulting while, in the centre,
the beds are almost horizontal.
4.6 Megalopolis-Dimitsana area
Three geological cross-sections were drawn to illustrate the structure of
and to show the relationships between the various geotectonic zones present in
the wider area of the Megalopolis basin (Figs. 4.2 and 4.6).
In addition, a schematic geological cross-section (Fig. 4.9), was' drawn
across the central to northern part of the basin in order to illustrate the type of
structure considered to be representative both of the Megalopolis basin and also
of the wider area.
The pattern of faulting in the wider area was also studied. The faults
indicated on the geological map were determined by interpretation of the air-
photographs of the area, to a scale of 1:33,000. The faults were recognised as
linear traces. A few were also identified in the field, while a few were seen
solely in the field. A map of the faults to a scale of 1:100,000 is given in Fig.
4.10.
Three sets of rose diagrams were drawn, one for the northern part of the
area (to the north of the line A-B on Fig. 4.10 running through the villages of
Lykochia, Psari and the conflUence of the Alfios and Lousios rivers), one for the
southern part (to the south of this line) and a third for the area as a whole.
FIG.4.1? MAP 0 THE FAULTS OF THE
MEGALOpO -DIMITSANA AREA
I
IMost of th~ faults marked on the map
are based ~ the Interpretation of the



































Fig. 4.11 Rose diagrams of the faults in the study area.
A: Northern part (topogr. sheet Dimitsana), ntmilier of marked faults, 505.
B: southern part (topogr. sheet Megalopolis), number of marked faults, 572.
c: Whole study area, number of marked faults, 1077.
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For each of the areas determined above, several principal directions can be
established for the faults, according to their frequency or total length.
In the north, considerable differences in the predominant directions appear
to exist, according to whether frequency or total length distribution is
considered (Fig. llA). The predominant frequency direction is NW to SE, while
five other secondary directions covering the sector between N-S and ESE-WNW
can be determined. However, when the total length of the faults is considered,
the dominant strike direction is E-W with a secondary direction of NW-SE.
There is a similar pattern both in frequency and total length distribution for the
faults in the southern part of the area (Fig. 118). Here, several directions of
faulting can be distinguished, these being a) NE-SW, b) ENE-WSW, c) E-W, d)
ESE-WNW and e) SSE-NNW. The first and last directions are the dominant ones.
The rose diagrams of the faults for the whole area also reveal considerable
differences between the frequency and the total length distributions (Fig. lle).
Although one particular dominant direction cannot be established, five directions
can be distinguished based on frequency. They are a) NNE-SSW, b) ENE-WSW, c)
E-W, d) ESE-WNW and e) SE-NW with the first, second and Jast directions being
the most common. The total length distribution of the faults is clearer. An E-W
direction dominates, while two other main directions, those striking NNW to SSE
and NNE to SSW can also be distinguished.
Katsikatsos (1980) studied the faulting patterns of the Peloponnese using
images taken by the satellite Landsat 1, from which he prepared a fault map (Fig
11.12). The statistical study of these faults revealed five orientations of faulting,
shown on the rose diagram of the same figure. They strike on the following
directions: a) ENE-WSW, b) E-W, c) SE-NW, d) NNW-SSE and e) N-S. The first
and the fourth directions are dominant.
As can be seen from the map of Fig. 4.12, the study area is not intensively
fractured and only a few major faults are present.
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(after Katslkatsos,1980)
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CHAPTER 5: GEOLOGY OF THE AREA AROUND THE KYPARISSIA FIELD
5.1 Introduction
50 far, the results of the geological and structural study of the wider area of
the Megalopolis basin have been reported.
In this chapter, the geology and structure, mainly of the basement of the
narrow area to the north and east of the village of Kyparissia, are examined. This
area, part of which covers the proposed open lignite pit of the Kyparissia field, was
the main subject of the hydrogeological study undertaken. The structure of its
basement is fundamental to an understanding of the hydrogeological problems of
the area.
The area in question is situated in the north-western part of the basin of
Megalopolis, close to its western margin and forms a sub-basin, surrounded by the
outcropping bedroc~ of formations of the Pindos zone.
It is filled by unconsolidated sediments of Lower Tertiary-Quaternary age,
which rest. on the formations of the Pindos zone present in the wider area (j.e. the
first flysch and the Upper Cretaceous limestones).
5.2 Geology
A detailed description of the deposits filling the Megalopolis basin has been
given in section 3.5. However, as the Kyparissia field is situated at the north-
western margin of the basin, both the succession and thickness of the deposits
filling the Kyparissia field, which is of Lower Tertiary-Quaternary age, differ
slightly from those observed and described for the interior of the basin.
A brief report of the stratigraphy of the Kyparissia field is given below (see
also the geological map of Fig.5.l).
On its eastern side, between 50ulou and Katsimbali, the lacustrine marls of
the Makrysion stage, which have a thickness of 40-50m or much less, are deposited
on the Upper Cretaceous limestones of the Pindos zone bedrock. At their base
occurs a conglomerate of a thickness of 2-5m, consisting mainly of limestone
Please see corresponding area on the geological map (1:25,000)
of the study area, to be found in the pocket.
Fig. 5.1: Geological map of the Kyparissia area.
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boulders and pebbles varying in size up to 40cm (Plate Db). Overlying them or
deposited directly onto the limestone bedrock are to be found remains of the
Apiditsa or the Choremi stages. The marls of the Makrysion stage extend
westwards over a limited area and are only present in the south-eastern part of the
Kyparissia field.
A partly cemented gravel formation is developed overlying the bedrock of the
Kyparissia field. Its presence has been reported in almost all of the boreholes
reaching the basement. It commonly consists of limestone gravels and clays or of
sandstone gravels, sands and clays and· usually occurs as a formation of
intermediate. composition between these two types, the precise development and
composition depending on the nature of the adjacent bedrock from which it was
derived. The thickness of these formations varies between 2 and 15m with an
average of 6m.
The oldest sediments to be found are those belonging to the Apiditsa stage.
Boreholes reveal that the beds of this stage are not present throughout this area,
thus forming the base onto which the younger formations have been deposited, but
are found only in the lower parts of the old relief. The Apiditsa stage consists of
alternations and lateral transitions of clays, sands, clayey-sandy-pebbly beds and
slightly cemented conglomerates with the pebbles consisting mainly of sandstone
from the first flysch and a few cherts, well-rounded and up to 15cm in diameter.
In places, such as between the villages in Karvouniari ~d Mavria, the Apiditsa beds
have undergone a significant alteration with the sandstone pebbles partly or totally
decomposed and turned into a usually red-to-violet-coloured sand-clay formation
with only a few cherty pebbles. The bedding here is completely destroyed.
Cross-bedding is often present in the Apiditsa beds. The pebble size
distribution implies a westerly origin, while the imbricate structure observed in
places indicates ~ that the pebbles have been transported in a south-westerly
direction. The thickness of the Apiditsa beds varies greatly but is always less than
60m.
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The Marathousa beds, overlain by the Megalopolis beds and composing the
Choremi Stage, have been deposited either on the Apiditsa beds or, in places,
directly on the bedrock.
The Marathousa beds consist mainly of lacustrine clays, humic.clays, lignite
and marls in alternating succession. Clays are often silty, while the calcareous·
clayey silts are described as marl, using this as a general term. All transitional
types of rock between humic·clays and lignite occur. The lignite in the Kyparissia
field consists of a thick seam of 50-70m of interbedded unproductive beds, the
individual beds having a relatively small thickness. The lignite beds wedge out
towards the western and northern sides of the field while, towards its south·eastern
side, towards the Choremi field, the single seam splits into three separate seams
(Fig. 5.2). Intercalations or lenses of sand or fine·grained pebbly beds occur in the
lower part of the Marathousa beds. Only shallow weathering has taken place in the
Marathousa beds, resulting in a yellow-brown loam. The fluvial facies of the
Marathousa beds of clays, sands and gravels do not appear to be present on the
western side of the Kyparissia field. Their boundary with the overlying Megalopolis
beds is not clearly distinguishable. The thickness of the Marathousa beds varies
greatly, but is less than 150m.
The Megalopolis beds consist of alternations of gravels, sands, clays and silts.
Pebbles originating from the formations of the Pindos zone, which form the
western margin of the basin, are generally small in size, up to 10cm. Sorting is
relatively poor and beds of pure sand, clay or pebbly beds are rare. The thickness
of the Megalopolis beds ranges between 10 and 40m. As they comprise the upper
series of sediments deposited, they have often been eroded to reveal the underlying
Marathousa beds.
The terrace bodies present in the area, i.e. the Potamia (Upper terrace), the
Thoknia (Middle terrace) and the Lower terrace, spread out along the Altios river
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eastern side of the Kyparissia field. They have been deposited on the younger basin
sediments, mainly on the Megalopolis beds, although in places, as to the north of
and around the Kyparissia bridge over the Alfios river and in the gorge of Aghios
Georgios, 1.5km downstream from the Kyparissia bridge, they have been deposited
directly on the limestone bedrock.
The Potamia terrace is only of minor extent and outcrops on the northern and
eastern sides of the Kyparissia field. It consists of boulders and pebbles of varied
origin, sands, clays and silts, slightly consolidated. The rock fragments are
generally coarse and sub-angular. The sandstone pebbles and boulders are
thoroughly weathered and partly disintegrated. The thickness of the Potamia
terrace averages 5-7m and it lies 8m above the bed of the Alfios river.
The Middle terrace is made up of two parts. The lower part consists of
partly-cemented coarse-grained gravels with a clast size up to 2Dcm. sands, clays
and silts, while 'the' upper part, which forms the river's flood plain, consists of
sands, clays and silts. .It lies approximately 6m above the Alfios river bed and
ranges in thickness from 6-8m.
The Lower terrace consists of unconsolidated gravels of rounded pebbles of
various origins, usually small in size (up to IDem), sands, clays and silts. Its
thickness is about 4-5m and it lies 2-3m above the Alfios river bed.
Finally, a recent gravel body of rounded pebbles, sands and silts of a
thickness of 1 - 2m is to be found along the bed of the Alfios river.
5.3 Structure
The study of the structural make up of the formations of the Pindos zone and
thus of the relative positions of the impermeable flysch (aquiclude) and the Upper
Cretaceous limestone (aquifer) is, as has already been mentioned, of fundamental
importance, as their relative position controls the movement of the groundwater
within the aquifers~ The study of the structure of the bedrock of the Kyparissia
field, which is of the same degree of importance for the determination of the local
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hydrogeology, was based on the geological and geophysical data available.
,
The narrow area of the Kyparissia field is situated in the zone where the two
different types of structure of the Pindos zone, recognised in the wider area
converge (section 4.4.2). Thus, on the northern and western sides of the Kyparissia
field, an imbricate structure of irregulnrly repeated first flysch and Upper
Cretaceous limestone thrust-slices occurs, while on the eastern side the nappe
consists solely of strongly folded Upper Cretaceous limestones.
On the western side of the Kyparissia field, as a result of thrusting, there is
fairly regular distribution of elongated, repeated bands of first flysch and
limestone striking in a SSW-NNE direction. The first clearly distinguished
structural unit is that comprising the limestone band on which the village of Mavria
is situated. It exhibits a general dip towards the east ,and overlies the
stratigraphically lower unit of the first flysch band which extends northwards from
west of the village of Mavria as far as the village of Karytena. A similar structure
is repeated further to the west. In these structural units, the limestone band in
places includes part of the beds transitional to the flysch.
Towards the northern side of the Kyparissia field, on the other hand, there is
an irregular distribution of the first flysch and the Upper Cretaceous limestone,
resulting from a more complicated structure of the bedrock. As the structural
lines 'generally run in a N-S direction, it may be assumed that this structure
extends southwards below the northern part of the Kyparissia field.
Faulting has also had an influence on the local hydrogeology, although to a
lesser extent than the thrusting, as in places faults either disturb or bring into
hydraulic continuity different hydrogeological units of the Upper Cretaceous
limestone.
Several faults with variable orientation were mapped, mainly at the margins
of the wider area of the Kyparissia field. They cut the bedrock and possibly extend
beneath the younger formations. The contact between the bedrock and the younger
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formations is determined by faults in places along the margins of the sub-basIn of
the Kyparissia field and thus they determine the extent of this sub-basin.
A major fault zone is present in the area between the villages of Soulau and
Katsimbali, where faults with variable trend cut the Plio-Pleistocene sediments.
These may be older faults reactivated in the later periods.
Given the difficulties arising from the type of structure presented by the
Pindos zone and the irregular distribution pattern of the outcrops of both the first
flysch and the Upper Cretaceous limestone resulting from it, the determination of
the structure and the outcrop distribution of these two formations beneath the
Kyparissia field involves a great degree of uncertainty. The extrapolation
southwards of the geological boundaries mapped at the edges of the Kyparissia
field to make them extend beneath the field must necessarily be speculative.
These two major problems, i.e. the structure and the resultant subcrop
distribution of the first flysch and the Upper Cretaceous limestone of the bedrock
beneath the Kyparissia field, were the subject of an extensive geophysical
investigation (see following Section, 5.4).
Finally, . by using all the geological information available concerning the
nature of the bedrock fr~m the investigative boreholes sunk deeply enough to meet
the bedrock in this area (as detailed in the Gold Report (1963), or in reports by
other agencies (e.g. IGME, Electricity Board) who later sank boreholes for various
purposes including water supply), and by using the results of the geophysical survey,
bearing in mind the structure; of the Pindos zone in the wider area, the most
probable geological structure of the bedrock occurring beneath the Kyparissia field
was suggested (Fig.5.7).
5.4 Geophysical Investigations
In order that a better knOWledge of the possible nature and structure of the
bedrock covered by the superficial sediments of the Kyparissia field might be
obtained, it was proposed to the Electricity Board that a geophysical investigation
144
could shed light upon the major problems discussed above and in the previous
sections, thus providing keys to an understanding of the local hydrogeology.
The Electricity Board was seriously interested in this offer of help towards
solving the hydrogeological problems of the Kyparissia field through a geophysical
investigation. They requested details of the type of research to be carried out, as
well as a delimitation of the exact area to be studied. This had to be limited for
financial reasons. Discussions with IGME (Geophysical Dept.) took place as to what
precise area should be studied within the limitations of available funding and,
initially, 27 points for geophysical soundings were fixed, along seven different
survey lines to provide the best results and best coverage of the northern part of
the Kyparissia field (see Fig.5.3).
The investigation was undertaken by a team headed by Mr Athanaslos
Nathanail. The field work was carried out in seven days (November-December,
1984) and a brief report of the results was published In 1985.
The geophysical method of investigation used was the "earth resistivity"
method which is an electrical method for depth sounding. The principle of the
electrical method is based on the ability of the rock formations to conduct
electricity. The various formations can be distinguished by the difference in their
degree of conductivity measured as resistivity or specific resistance (p) -values of
p , in ohm.m - when an electrical current is passed through them (Grant and West,
1965).
It is noted here 'that the conductivity of the majority of the formations is of
electrolyte type and is significantly increased when they contain water in any
amount (e.g. interstitial water) and also by the concentration of dissolved salts in
the water. Since the degree of conductiVity or the corresponding measured
resistivity of each formation is determined by such factors (i.e. the presence of
water and the' amount of dissolved salts), it is necessary to correlate the
resistivity-values obtained for each formation or rock type with the geological
information available.
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also quicker to apply than other methods of investigation (e.g. boreholes, seismic
method), gives reliable information when applied in ideal conditions (e.g.
horizontal contacts between formations, considerable differences in resistivity),
concerning problems' such as depth and nature of the bedrock in a basin, the
presence of certain types of structure and the depth of the water table.
The geoelectrical method of investigation was also used during the first
stages of the survey to determine the lignite reserves in the basin of Megalopolis.
In this particular case it proved to be of limited use, due to the almost identical
resistivity values shown by the lignite (p =5 - 119 ohm.m) and the interbedded or
overlying unproductive material (p =6 - 134 ohm.m) (Papadopoulos, 1958).
In the application of the geoelectrical method in the Kyparissia field, the
Schlumbergerarray of arrangement of the electrodes and method of evaluation of
the recorded measurements was used. With the aid of tables or graphs, the
thickness and the true resistivity of each formation can be determined (Nathanail,
1985).
At each of the 27 points of 'depth sounding' the electrode separation was
increased in order to search to greater depths, the maximum reached being 150m,
,/
although a depth of 100m was reached on average. The orientation of the line of
electrodes was chosen to run along the main structural strike i.e. dominantly N-S
in order to avoid structural complications. The lines were also chosen to avoid
stream channels which would have disturbed the readings (Nathanail £E. cit).
The resistivity-values evaluated by Nathanail for the various formations lying
below each one of the 27 'depth soundings' carried out and also the depth at which
they changed are shown in Figs. 5.5 and 5.6.
All the geological information available was given to Nathanail in order to
enable him to establish a better correlation between the geological formations and
the actual resistivity-value for the various layers determined in each "depth
sounding". The following Table (5.1) gives the correlation established between the
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First flysch (Pindos zone) 100-20050-100 outcropping flysch
of the Tripolis zone
Table 5.1
Note:
Correlation between the various formations present in the
Kyparissia field and the determined resistivity-values.
Due to a misunderstanding, an outcrop of the Tripolis zone (instead of
the first flysch of the Pindos zone) was used for obtaining initial
values for the resistivity of the Pindos zone first flysch.
A clear distinction between the basin sediments and the bedrock of the
Kyparissia field is apparent from the resistivity-values measured (Table 5.1).
Based on the distinct differences in resistivity-values, a relatively precise
determination of the depth of the surface of the bedrock was made. The depth was
seen to have been relatively accurately determined, as it agreed with that
determined over the wider area from the results of the boreholes (Fig.5.4).
In a few cases, however, an accurate definition of the nature of the bedrock
itself proved difficult, as similar or even overlapping resistivity-values (ranging
between 150 and 200 to 220 ohm.m) were presented by the first flysch and the
Upper Cretaceous limestones (as shown in Table 5.1).
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Clq.5.6: Geophysical-geological cross-sections of the Kyparlssla field (for posltion,see Fig. 5.3). (Jlo
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Resistivity values of between 150 and 200 to 220 ohm.m were taken as on
indication of the presence of the first flysch, while values above 220 ohm.m showed
that limestone bedrock was definitely present.
Based on the depth determinations and the correlations given in Table 5.1 and
taking into consideration the type of structure apparently presented by the bedrock
in this area, the seven geophysical profiles, whose positions are shown in Fig.5.3,
were converted to a corresponding number of geological cross-sections (Figs. 5.5
and 5.6). At certain points along these cross-sections, the nature of the bedrock
was uncertain, due to the ambiguity of the evaluated resistivity-values. Such
places are indicated on the cross-sections by question marks.
5.5 Structure of the Bedrock of the Field
The determination of the structure and the resulting subcrop distribution of
the first flysch and the Upper Cretaceous limestones of the bedrock of the
Kyparissia field was the principal object of the geophysical investigation and also
constituted one of the predominant aims of the study of the structure of the wider
area.
Based on all the geological information available concerning the nature of the
bedrock, taken mainly from the reports of those boreholes penetrating it, the most
probable sub-surface geological map of the bedrock of the Kyparissia field was
drawn (Fig.5.?). The results of the geophysical investigation carried out by IGME
were also taken into consideration, as was the structure occurring in the western
and northern parts of the Megalopolis basin, a similar type of structure apparently
being present beneath the Kyparissia field.
The map drawn shows the most probable structure and subcrop distribution of
the first flysch and Upper Cretaceous limestone lying beneath the superficial
sediments of the Kyparissia field.
In some places, as in the southern and eastern parts of the area covered by
this map, the subcrop distribution of the bedrock formations and the structure
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present can be more clearly interpreted, as much geological information is
available for these areas. In other places, however, as to the north of the
Kyparissia field, a limited amount, or even complete lack, of information, together
with the complicated structure, led to a high degree of uncertainty in determining
the probable structure. Areas of doubt are shown on the map by dotted lines and
question marks.
In those areas exhibiting a contradiction between the results of the borehole
reports and those of the geophysical investigation, the former source of
information was used to determine the structure and outcrop distribution of the
bedrock formations. In areas where there was a contradiction between the results
of the geophysical investigation and the assumed outcrop distribution of the
bedrock formations, based on t~e outcrop distribution shown by similar structures
over the wider area, preference was given to the assumed outcrop distribution.
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CHAPTER 6: GEOLOGICAL EVOLUTION OF THE AREA
A SUMMARY
Except for a small occurrence of metamorphic rocks of the Phyllitic-
Quartzitic series to the south of the village of Arachamites, the rocks around the
margins of the Megalopolis basin belong to the Pindos and Tripolis qeotectonic
zones, while the interior of the basin is filled with sediments of lacustrine and
fluvial origin (Fig. 6.1).
The Phyllitic-Quartzitic series comprises part of the nappe sequence of the
Peloponnese. Papanikolaou (1982) proposed that the sediments of this series in the
central Peloponnese originated from the Cyclades palaeogeographical area and
called them the Arna unit. They are now schists alternating with quartzites. The
schists display a variety of petrographic types, the principal ones being:
Mica-chloritoid schists with quartz, chloritoid, muscovite, chlorite, epidote
and titanite.
Mica-schists with muscovite, chlorite, quartz, feldspars and tourmaline.
Quartz schists, with quartz, white mica, chlorite, glaucophane, feldspars,
tourmaline and zircon.
This paragenesis suggests that the metamorphism of the Phyllitic-Quartzitic series
is of high pressure and low temperature type. Its visible thickness exceeds 600m.
The formations of the Tripolis zone are thrust onto the Phyllitic-Quartzitic
series. The thrusting of the Tripolis zone can be seen not to have taken place at a
single stratigraphic level but at several different levels, as all different
stratigraphical units from the Tyros beds up to the flysch are to be found thrust
onto the Phyllitic-Quartzitic series, even within the limited extent of the series.
The texture of the rocks on both sides of the thrust plane is strongly disturbed for
2-Sm.
The Tdpolis zone is made up of three distinct units; the low grade
metamorphic basement, known as the Tyros beds, the carbonate series and the
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Fig. 6.1 Stratigraphic column of the Megalopolis-Dimitsana area
(E. Tsiftsis,1987).
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flysch sequence. The carbonate and flysch sediments of the Tripolls Zone were
deposited on a ridge situated to the west of t.he Pindos zone trough.
The Tyros beds outcrop in the area between the villages of Lykochia and
Vangos and to the east of the village of Arachamites.
They consist of alternations of thinly-bedded (bed thickness 1.10cm), black to
grey, micro-medium crystalline limestone-dolomites, psammitic dolomites and
brown to greenish-brown calcareous-phyllites and phyllites. The dolomites are
usually micaceous and contain crystals of quartz, chlorite and feldspars as well as
small amounts of amorphous carbonaceous material and Fe-oxides-hydroxides
which are responsible for their dark colour. Clasts of mica-schist were found in a
thin-section.
In the north-eastern part of the Peloponnese, the Tyros beds contain volcanic
rocks such as tuffs (Kiskyras, 1964; Panagos, et al., 1976). In samples taken from
the small outcrop east of the village of Arachamites, the veins and small cracks in
the rock are secondarily filled with oxides (e.g. Fe, Mn), which may be taken as an
indication of the presence of hydrothermal solutions in their basin of'deposition,
due to volcanic activity.
The visible thickness of the Tyros beds in the study area is aO-100m.
The carbonate rocks of the Tripolis zone consist of a thick sequence, perhaps
exceeding 1000m, of reef-neritic dolomites, dolomitic limestones and limestones.
They are grey, dark grey to blue and, in places, whitish, thick-bedded to massive,
usually of saccharoidal texture, biogenetic and bituminous, especially in their upper
parts. Intercalations of microclastic limestone are also present, especially in the
upper parts of the sequence. Despite small lithological differences, e.g. in colour,
prevalence of dolomites and presence of cherty beds, the distinction into separate
stratigraphic horizons can only be made on the basis of the microfauna. In the
lower parts, dolomites and dolomitic limestones poor in fossils dominate while, in
the upper parts (Palaeocene-Eocene horizons), a rich benthonic microfauna occurs,
in the carbonate rocks which here consists mainly of limestones.
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The carbonate series of the Tripolis zone was unconformably deposited on the
low-grade metamorphic basement-Tyros beds. At the bose of the carbonate series,
the development of a cohesive transgressive breccio-conglomerate horizon of a
thickness of 5-20m' can be observed. The clasts are usually angular to slightly
rounded and vary in size (up to 30cm). They are made up mainly of dolomites and
dolomitic limestones, set in a dolomitic/calcite cement.
The' presence of pebbles originating from the low-grade metamorphic
basement allows the conclusion to be drawn that the metamorphism of the
basement of the Tripolis zone took place before the beginning of the sedimentation
of the carbonate rocks, which was continuous from the Upper Triassic until the
Middle-Upper Eocene.
A block-faulting tectonism took place during the Lower to Middle Eocene,
resulting in the disintegration of the Tripolis zone into several fault blocks with
individual movement and in the formation of a number of grabens and horsts within
the palaeogeographical area of the Tripolis zone. It should be noted here that this
was not a stable formation and that re-arrangement of the relative position of the
blocks must have occurred up to the final uplift and folding of the Tripolis zone.
The presence of bauxite deposits within the Eocene horizons, as seen in the
Kynouria area (Tataris and Maragoudakis, 1966), indicates such movements.
Subsequent to the block faulting stage, flysch sedimentation commenced in
the newly formed grabens during the Upper Eocene (Priamponian).
As a result of the block faulting tectonism and the differentiation within the
palaeogeographical area of the Tripolis ridge, the beginning of the deposition of the
flysch was not simultaneous throughout the Tripolis zone, due to differences in
elevation of the floor of the various areas (blocks). Hence, the flysch was
conformably deposited on the underlying carbonate rocks within the grabens, while
those horsts which were slightly uplifted may have been covered by a limited
thickness of flysch, deposited unconformably on the carbonate rocks at a later
stage of the flysch sedimentation. Those horsts which had emerged and which
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remained exposed throughout the period of the deposition of the flysch were never
covered by the flysch and were, furthermore, subjected to intensive erosion which,
in places, reached the basement of the Tripolis zone. Limestone blocks and
particles from the erosion of these emerged horsts fell into the Tripolis sea and
were deposited together with the flysch sediments, producing horizons of cong-
lomerates and blocks.
Both types of contact between the flysch and the carbonate rocks (j.e.
conformable and unconformable) have been reported to occur in various areas of
the Peloponnese (e.g. Dercourt, 1964; Tsoflias, 1976; Richter and Mariolakos,
1973a,b,c and Lekkas, 1978).
, The flysch in the study area was unconformably deposited on the carbonate
rocks of. the Tripolis zone, as can be seen in several places. In the valley of the
Lousios river, the flysch was deposited on an old relief of the carbonate rocks of
Palaeocene-Eocene age and the stratigraphic gap exisiting here is, therefore,
rather small. The flysch is also unconformably deposited on the carbonate rocks
along the entire eastern and north-eastern side of the Megalopolis basin. The
stratigraphic gap here between the flysch and the underlying carbonate rocks of
Upper Triassic(?) to Palaeocene-Eocene age varies across the area.
In a few places on the eastern side of the basin, the flysch. was deposited
against faults resulting from the block faulting stage. These faults defined the
margins of the individual basins within which the fly~ch sediments were deposited.
This type of contact appears to be common in the Peloponnese and is
persistent, running for long distances, as is either noted in the mapping of, or is
described. by, several investigators (e.g. Mariolakos, 1976; Lekkas, 1978;
Georgoulis, 1983). Mariolakos (1976) called it 'apparent tectonic contact'. It
should be noted here that this term is often used by the investigators to describe
those cases where a real tectonic contact exists between the, carbonate rocks and
the flysch as a result of the presence of a normal fault (including the re-activated
faults of those formed during the Eocenic block faulting tectonism), as well as in
cases of unconformable deposition of the flysch on the carbonate rocks.
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A few of the pre-flysch faults were re-activated ,after the deposition of the
flysch, as is indicated by the presence of a fault micro-breccia layer of a
sandstone-clayey (flysch.) nature covering an older layer, made up exclusively of
carbonate Inicro-breccia. The presence of two systems of slickensides may well be
a further indication of this reactivation. The reactivation of such faults was also
observed in other places in the Peloponnese (e.g. Mariolakos and Richter, 1973;
Lekkas, 1978).
- The lithology of the flysch varies slightly. Generally, in most of the area, the
psammitic facies dominate with irregular alternations of medium and fine-grained
sandstones with siltstones and clays. North of Stemnitsa, however, the flysch
sediments· consist of alternations of marly siltstones, clays and fine-grained
sandstones while, in the area north of the village of Marmaria, in a flysch of
similar lithological composition, intercalations of pelagic limestones with cherts
occur.
At various stratigraphic levels throughout the total flysch development there
are horizons where dispersed pebbles and olistoliths of various sizes (up to 100m),
as well as monomictic or usually polymictic, conglomerates and micro-breccias
.-occur•. The main occurrences of these facies are identified on the geological map
(1:25,000)•.
In the 10YJer parts of the flysch, these materials originate exclusively from
the carbonate rocks of the Tripolis zone, from the erosion of those horsts which
had emerged. At the base of the flysch, the blocks are often of great size (up to
,100m) and the conglomerate intercalations are made up from relatively angUlar
pebbles although, in places (e.g. northern part of the valley of the Lousios river),
they are well rounded. The presence of this coarse clastic material is frequent in
the lower parts of the flysch due to tectonic activity and to the subsequent
. intensive erosion of the newly-formed relief. Upwards, the size of the blocks
decreases or they become absent and the pebbles, either dispersed or forming
conglomerate intercalations, become more rounded.
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In the upper parts of the flysch, where its deposition coincided with the
earlier stages of the thrusting of the Pindos zone, these materials originate from
both the Tripolis and the Pindos zones. They were derived from the "front" of the
advancing Pindic nappe and also from the Tripolis zone, either from the erosion of
the uplifted emerged horsts or from those parts of the Tripolis zone swept along by
the advance of the Pindic nappe.
The Megalopolis basin corresponded to a graben formed as a result of the
Eocene block-faulting tectonism and was filled with more than 500m of flysch.
This graben was bordered by an uplifted emerged horst, situated on its north-
eastern side, the border between them striking in a general NW-SE direction. This
horst was subject to intensive erosion which, in a few places, as between the
villages of Lykochia and Karatoulas, reached the level of the basement of the
Tripolis zone. The products of the erosion of this horst (and possibly of others) fell
into the flysch sea and were deposited with the flysch sediments, thus producing
the conglomerate intercalations, dispersed pebbles and blocks, occurring in various
parts and at various stratigraphic levels of the flysch. Part of this horst was, at a
later stage, covered by the flysch, which suggests the possibility of the later
submergence of at least parts of this emerged horst.
A di fferentiation in the time of emergence of the various parts of the horst
due to continuous tectonic movements and, consequently, in the degree of erosion
which took place, may be considered as an explanation of the fact that the flysch is
to be found, between the villages of Arachamites and Karatoulas, overlying
sedimentary, carbonate rocks of a completely different age (Triassic-Eocene) while,
to the SW of Karatoulas, it overlies the Tyros beds for a short distance.
The· original graben, in which the flysch was conformably deposited on the
carbonate rocks, cannot extend far northwards as, in the Lousios river valley, the
flysch is deposited unconformably on an old relief of the carbonate rocks,
indicating that here, the carbonate rocks must have emerged for a short period (as
only a small stratigraphic gap was determined here) during the earlier stages of
flysch sedimentation.
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If it is· accepted that this is a correct analysis of the palaeogeographical
situation, this explains the fact that the Pindic nappe along most of the basin of
Megalopolis is to be found overthrust onto the flysch of the Tripolis zone whereas,
on the north-eastern side of the basin, it is overthrust directly onto the carbonate
rocks (i.e. by considering that the Pindos zone was overthrust onto the formations
of the Tripolis zone exposed at the surface at that time).
The thinly-bedded flysch sediments are multiply folded. The predominant
microtectonic structures occurring here are overturned to recumbent minor folds
and thrust or reversed faults of small a scale. Major folds also occur. The axial
planes of the folds generally dip in an easterly direction. Three different axes of
folds were determined by a statistical study of the bedding surfaces. They are in
order of frequency of occur'rence, a) 10/330, b) 8/392 and c) 15/245. Three
different axes of folds were also measured. They are, in the same order, a) 8/327,
b) 6/12 and c) 50/180.
In contrast, the thick-bedded to massive carbonate rocks are predominantly
intensely fractured and jointed. Joints are often large in size, long and frequent.
Two main systems of jointing, perpendicular to each other, were determined by the
statistical study (rose diagrams) of their occurrence in part of the carbonate rock
outcrops in the south-eastern part of the study area. They are, in order of
frequency of occurrence in this area, a) 76/140 and b) 78/60.
The degree of jointing of the flysch is less intense than that of the carbonate
rocks. Four systems of jointing were statistically determined in the f,lysch
outcrops in the area defined above. They are, in descending order of frequency of
occurrence, a) 72/140, b) 82/190, c) 86/120 and d) 86/90.
A 'tectonic block' formation, occurring at the base of the Pindic nappe and
tectonically overlying the Tripolis zone, was formed at the base of the Pindos zone
during the' final stage of its overthrust (during the Upper Oligocene to Lower
Miocene), as it advanced over the Tripolis zone which had only just been uplifted
and folded. It has a varying thickness, usually between 0 and 30m, although it
reaches up to 200m in the area north-west of the village of Stemnitsa.
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This 'tectonic block' formation is a polymictic tectonic melange built up of
material from the formations of both the Tripolis and the Pindos zones. The large
limestone blocks (up to SOOm) and flysch horizons detached and tectonically
intercalated between the flysch of the Tripolis zone and the Pindic nappe in the
northern part of the study area (Stemnitsa village) are also considered as making up
part of this formation. They were under-thrust onto the Tripolis zone as a result of
the advance of the Pindic nappe over the upper parts of the Tripolis zone.
The Pindos zone consists of formations which have been deposited in a
trough. ' '
In the study area, only formations of the first flysch of Lower Cretaceous-
Cenomanian/Turonian age, the Upper Cretaceous (Turonian-Maestrichtian)
limestones and part of the transition beds to the flysch, of Upper Maestrichtian-
Palaeocene age, occur. The upper part of the radiolaritic series, of cherts, silts
and limestones of probable Upper Jurassic age is only present in the south-western
part of the area.
The first flysch consists mainly of brown, thick-bedded to massive, medium-
grained sandstones with rare clays or micro-breccia intercalations. Downwards, it
passes into red-green cherts alternating with red shales and brown, fine-grained
sandstones. This lower unit is only present in the south-western part of the area,
around the village of Lykosoura.
The transition beds to the Upper Cretaceous limestones consist of
alternations of thin to medium-bedded, greenish or brown, fine-grained sandstones,
sandy shales, red or brown-green shales, marls, red or green cherts, sandy
limestones and micritic limestones with characteristic intercalations of red,
heterogeneous micro-breccias of limestone, chert and, more rarely, of basic
igneous rocks (ophiolites), as well as fragments of usually recrystallised fossils.
Their thickness varies between 1m and 10m. A rich microfauna was determined in
the micritic microclastic limestone beds, showing them to be of Turonian and, in
places, of Cenomanian age.
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Small bodies of basic igneous rocks such as diabase and spilite occur, mainly
as olistoliths or as pebbles, in the first flysch.
The total thickness of the first flysch is estimated to be ISO-200m.
The Upper Cretaceous limestones are usually whitish, yellow and locally pink
or whitish-grey, thin to medium-bedded (5-30crn) and sometimes thick-bedded,
micritic or biomicritic, of pelagic facies. Their lower members are generally thin-
bedded with lenticular intercalations or nodules of red cherts. Further up, they arc
sometimes marly or contain intercalations of red-yellow pelites and microclastic
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limestones, while lenticular intercalations or nodules of black cherts occur in their
uppermost members.
In their lower members, in the area between the villages of Kourounios and
Karytena, a 3-8m thick breccia intra-formational horizon is present, containing
mainly angular chert and limestone pebbles and blocks, up to 40cm in size, in a
calc-clayey cement.
In' these Upper Cretaceous limestones, macrofossils are absent, while the
pelagic microfossils, usually foraminifera, are abundant in certain horizons. The
limestone sedimentation started during the Turonian and, in places, probably during
the Coniacian. It ended during the Maestrichtian. The thickness of the Upper
Cretaceous limestones is estimated to be between 150 and 200m.
The transition beds from the Upper Cretaceous limestones to the flysch,
consist of alternations of thin-platey, micritic or biomicritic, pelagic limestones,
marly limestones, black cherts, brown or red marls and psammitic clayey marls.
The proportion of clastic material increases upwards. A horizon of platey
limestones in alternation with black cherts is a typical feature of this transition.
>'. There is usually a rich microfauna of microfossils in various horizons of the
micritic limestones. The deposition of the transition beds started during the Lower
Palaeocene (Danian). Their total thickness cannot be estimated, as only the lower
parts of them occur in the area, ranging between 5 and 100m.
The Pindos zone in the study area is part of the huge Pindic nappe of the
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Peloponnese, which is thrust onto formations of the Tripolis zone.
The Pindos rocks in the Peloponnese outcrop in two, almost separate, ranges
of . hills, each possessing characteristic structural and mainly stratigraphical
features. Thus, the· western range is built up from all the formations from the
Upper Triassic to Eocene with a prevailing imbricate thrust-slice structure, while
the eastern one· is -built up only from formations younger than the Upper
Cretaceous.
Two different schools of thought have developed regarding the occurrence of
the two ranges. The first proposes that both areas are parts of a unique Pindos
nappe (Renz, 1940; Dercourt, 1964), while the second suggests that they must be
derived from two similar -pelagic troughs, separated by a central Tripolis shelf
region (Kiskyras, 1964; Fytrolakis 1972-73; Mariolakos, 1976).
Doert (1978), by using, in particular, the microtectonic method of
investigation to study the internal structure of these two units in the Peloponnese,
also affirmed both areas to be parts of a unique Pindic nappe. Recently, this has
been the view most commonly accepted by the majority of geologists and is that
held by the author.
In the area of the Megalopolis basin, these two units of the Pindic nappe do,
in fact, occur on both sides of the basin.
Thus, on the western side of the basin, a structure of imbricate thrust-slices,
irregular in thickness and extent and striking roughly in a N-S direction, is present.
These thrust-slices are built up from formations of the first flysch, the Upper
Cretaceous limestones and the transition beds to the flysch, although all three
formations are not always present in each slice. The thrust planes dip fairly
steeply towards the east, indicating an E-W thrust direction.
The eastern part is built up almost exclusively from the Upper Cretaceous
limestones,as remains of the first flysch were only found occurring in places at the
base of the Pindic nappe. The relatively small individual part of the Pindic 'nappe
occurring between the villages of Kerastararis and Athenaeon {in the south-eastern
165
part of the study area) is built up from the transition beds underlying the Upper
Cretaceous limestones. The presence of this reversed stratigraphic unit, part of a
broken syncline, within the eastern part of the Pindic nappe indicates that thrust
structures similar to those occurring in the western part of the nappe occur here,
although such structures can hardly be detected here, due to the uniform build up
of this part of the nappe from Upper Cretaceous limestones. The study of the
cross-section (Fig. 4.7) to the north of the Megalopolis basin, w~ere these two parts
of the Pindic nappe converge, shows a gradual transition from the type of structure
and build-up of the western part to those occurring in the eastern part.
The predominant microtectonic structures in both parts of the Pindic nappe
are overturned to recumbent minor folds. Major folds making up structural units
are present in a few places in the western part.
Two subsequent stages of folding were determined. The earlier stage, which
took place during the thrusting of the Pindos zone, is associated with the folds
whose axes are orientated in a general N-S direction, while the later stage, possibly
associated with gravity sliding movements (Doert, 1978; Karotseris, 1981),
produced folds running in a general E-W direction.
Three directions of fold axes were determined in the Upper Cretaceous
limestones by the statistical study of the strike and dipping of their bedding
surfaces for the whole area. In order of frequency of occurrence, they are as
follows, a) 11/73, b) 26/200 and c) 10/307.
The Upper Cretaceous limestones are thoroughly fractured and jointed. Over
fairly ex.tensive areas, as between the villages of Ellinikon and Syrna, and due
mainly to the thrust movements, they were converted into a cohesive and locally
loose conglomerate. Three different jointing systems were determined by the
statistical study of their occurrence in the separate part of the Pindic nappe in the
south-eastern part of the study area. In order of frequency of occurrence, they are
as follows, a) 72/260, b) 74/70 and c) 74/220.
The thrust plane of the Pindic nappe outcrops at elevations varying by lOOOm
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and dipping with a slope of 20% in the northern part of the study area, partly du
to faulting subsequent to the overthrust. It was also found to be folded, in op n
folds, by two different folding systems, one plunging slightly to the south-west and
the other to the east.
The area has undergone an intcnsu degree of faulti, g and fracturing.
The faults indicated on the geological map (1:25,000) were determined by
interpretation of the air-photographs of the area (1:33,000) and were recoqnised on
them as linear traces. A few of them were also identified in the field, while a few
were seen solely in the field.
The statistical study of their occurrence (Fig.6.2) reve:=tlerl 8 few prednmjn::lnt
directions of development, although differences in dOl ninance betw II th
frequency and the total length of their occurrence appear to be present.





Fig. 6.2 Rose-diagrams of the faults in the study area.
The final configuration of the Megalopolis basin as a morphological unit was
established after the overthrust of the Pindos nappe (Oligocene/Miocene) and
earlier than the deposition of the oldest sediments of the basin (Upper Pliocene),
most probably during the Lower-Middle Pliocene.
The basin is a zone of morphological subsidence with a difference in elevation
of 500-700m between it and the surrounding hills. It is a tectonic basin, resulting
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from an en cnchelon type of faulting. At its margins, dip-slip faults, some with a
throw of ISO-200m, are present. The whole eastern margin of the basin is
determined by faults running in a SSE-NNW (160°-330°) and in a SW-NE (210°_30°) ,
direction.
A breaking up of the Peloponnese into a mosaic of fault blocks with
differential movement - horsts, grabens, tilted blocks - started after the last nappe
movement, which ended during the Upper Miocene (pre-Tortonian (Kowalczyk et
al., 1977» and before the regression of the sea in the Lower Pliocene (Kelletat et
al., 1978).
These blocks are bordered by N or NNW and E or ENE striking faults which
have controlled the areas of subsidence or uplift and the regional distribution of
the Neogene deposits (Berckhemer and Kowalczyk, 1978).
Synsedimentary normal faults and the filling of the inland basins of
Megalopolis and Tripolis with continental Upper Pliocene beds demonstrate
continuing tensional fault tectonics during the Pliocene (Kelletat, et ale 1978).
The Megalopolis basin is filled by deposits of lacustrine and fluvial origin.
The Upper Pliocene is represented by the Makrysion and Trilofon stages.
The Makrysion stage consists of lacustrine marls with thin (0.2-lm)
intercalations of lignite beds. A cemented conglomerate of mainly calcareous
pebbles of varied size up to 40cm is developed at its base. The thickness of the
Makrysion stage is 100m at Makrysion and 40-50m between Soulou and Katsimbali.
The Trilofon stage consists of lacustrine beds of clays and marls, sometimes
sandy, with thin intercalations (0.3-1.5m) of loosely cemented conglomerates with
mainly calcareous pebbles, ranging in size up to 20cm, as well as of fluvial deposits
of gravels, in places partly cemented, with predominantly calcareous pebbles of
various sizes, clays, sands, sandy-clayey material and silts, often cross-bedded.
The lacustrine beds are most probably the lateral equivalents of the Makrysian
stage. Their thickness in the Trilofon area is 100-120m.
The Pleistocene is represented by the Apiditsa stage and the Choremi stage,
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built up by the Marathousa and the Megalopolis beds. The Potamia and the Thoknia
terraces of the Alfios river system are also of Pleistocene age.
The Apiditsa stage consists of alternations and lateral transitions of clays,
sandy-clays with loose to slightly cohesive gravels with sands and clays. The
pebbles originate almost exclusively from the first flysch of the Pindos zone. The
imbricate structure and the size distribution of the pebbles indicate a westerly
derivation of these deposits. The size of the pebbles decreases from the western
side of the. basin (up to 50cm) towards the interior (tess than Bcm), while their
degree of roundness increases. The beds of the Apiditsa stage show a typical dark
red-brown colour due to Fe-oxides and hydroxides.
The Marathousa beds of the Choremi stage are composed of lacustrine
deposits in the interior of the basin and of fluvial deposits at the margins. The
lacustrine beds consist of· alternations of marls (often predominantly calcareous),
clays, humus-rich clays, silts and lignite. At their base, interc~lations or lenses of
sand or loosely cemented, fine-grained conglomerates occur. Between the villages
of Choremi and Thoknia, three different lignite-bearing horizons occur, while only
one, quite thick horizon occurs in the Kyparissia basin. The fluvial facies consists
of sandy-clayey material, silt and gravels or, in places, of loosely cemented
conglomerates.
Conditions must have been suitable for the accumulation of lignite during the
deposition of the Marathousa beds. According to LUttig (1966), lignite beds are
formed from plant material in the developed swamps when the rate of depression
of the basin is equal to, or close to, the rate of rise of the groundwater table.
The overlying Megalopolis beds are composed of fluvial deposits. Towards
the interior of the basin, they consist of alternations of brown clays, sandy-clays,
sands and gravels while, towards its margins, they consist of gravels and sands,
clays or brown sandy-clays mixed with small pebbles. Generally, the pebble size is
small in the interior (up to 5cm) and increases towards the margins of the basin (up
to 30cm).
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The Pleistocene deposits of the Assea basin consist of alternations of clays
and sandy-clayey material with dispersed pebles and lenticular concentrations of
sand and unconsolidated to slightly cohesive breccio-conglomerates. These
deposits are of fluvio-terrestrial origin.
The Potamia terrace (or Upper terrace) consists of sandy-clayey material
with gravels of various origins, mainly sandstone, and is slightly consolidated.
Towards the margins of the basin, coarse-grained materials dominate with large
boulders which are rather angular while, towards the centre, the pebble size
decreases and they become more rounded. The thickness of the terrace ranges
from S to 10m. Due to vertical tectonic movements, it occurs at various heights
(S-60m) above the present bed of the Alfios river and its tributaries.
The Thoknia terrace (or Middle terrace) is composed of a lower part of loose
to unconsolidated. coarse-grained breccio-conglomerates (pebble size up to 20cm)
with brown clays and sands and also of sandy-clayey material with gravel. Its
upper part - flood plain of the river - consists of sand, clay and loam.
It is of wide extent round the village of Thoknia and to the east of the village
of Kyparissia. It is found 6 - 12m above the present Alfios bed and ranges in
thickness from S to 10m.
Finally, the Holocene is represented by recent deposits of sands, clays and
unconsolidated, rounded pebbles in the river and stream beds, the alluvial deposits
consisting of sandy-clayey material with dispersed pebbles and loams in the
internal basins and river valleys and, lastly, the scree and talus cones, consisting of
unconsolidated to slightly cohesive, mainly limestone pebbles, gravels and loams.
Also of Holocene age is the Lower terrace of the Alfios river, consisting of a
gravel body of unconsolidated gravels, sands, clays and silts and an upper flood-
plain of sands, clays and silts. Its thickness is approximately Sm.
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